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PREFAC 


The first edition of Textbook of Uroradiology was published in the fall of 1990 and was 
written by Drs. Dunnick and Sandler and by Dr. Ronald W. McCallum, Professor of 
Radiology at the University of Toronto and a well-known authority on the radiology of 
the male lower urinary tract. Our goal for that edition was to provide both the practicing 
radiologist and the radiology resident with a comprehensive, single-volume text that inte- 
grates all aspects of adult uroradiology. In order that the book be kept to a manageable size, 
the standard “what one ought to know” rather than “what there is to know” was applied. 
As each author reviewed all of the material that was included in the text, we decided not 
to assign individual authorship to each chapter, a practice we have continued into the cur- 
rent edition. 

Similar in size and scope, Essentials of Uroradiology, written by Drs. Amis and 
Newhouse, was also published in the fall of 1990. When Dr. McCallum decided to retire 
from active practice and chose not to participate in the preparation of the second edition 
of Textbook of Uroradiology, Drs. Dunnick, Sandler, Newhouse, and Amis decided to 
amalgamate the two separate books given that their original aims had been so similar. It 
was decided that the combined book would retain the title, organization, and style of 
Textbook of Uroradiology, with the ultimate goal of retaining the best features of both 
works. The third edition keeps that goal and remains a collaboration among these same 
four authors. 

This edition reflects the continuing evolution of the specialty of uroradiology. Since 
the publication of the second edition, there has been a further decline in the use of urog- 
raphy as the primary uroradiologic imaging modality with a corresponding increase in re- 
liance on cross-sectional imaging, particularly CT. Nowhere is this more evident than in 
the evaluation of patients with renal colic. Until 1995, urography was considered the pri- 
mary imaging study for such patients. With the rapidity with which non-contrast helical 
CT has been accepted for the evaluation of flank pain, urography is now the study of 
choice for the relatively few indications in which the collecting system is the primary tar- 
get of investigation. In order to reflect this change in practice, the number of pages in this 
edition devoted to urography has been correspondingly diminished. 

A further change that has accelerated since 1995 is the expansion of the domain of the 
uroradiologist to the evaluation of the female pelvis. This change is reflected by the inclu- 
sion of this topic for the first time in this edition (Chapter 22). Although we considered 
changing the title of the book to “Textbook of Urogenital Radiology,” we concluded that 
this was unnecessary, but that adding such material was appropriate as it reflects not only 
the current practice of uroradiology but the expectations of the American Board of 
Radiology in its oral examination. A separate chapter on the retroperitoneum (Chapter 14) 
is now included. In order to accommodate this new material, we have judiciously pruned 
the other chapters to keep the book to a size that can be read during an introductory ro- 
tation on genitourinary radiology. Many of the sections on interventional uroradiology, 
particularly the technical aspects of these procedures, have been eliminated. It is our feel- 
ing that such procedures are now the domain of the interventional radiologist and are most 
likely to be learned by trainees during rotations on those services. We have continued to 
emphasize indications for interventional procedures when appropriate. 
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Our continuing goal in the preparation of this edition is to include only the material 
that the practicing radiologist or radiology resident “ought to know” about uroradiology. 
One exception to this standard is the chapter on contrast material for which a somewhat 
greater depth of coverage is included. This was done, as in previous editions, because this 
topic is not included in many other works of this scope and as such serves as a valuable ref- 
erence source when issues related to contrast material need to be researched. 

The basic chapter organization has been slightly revised from the second edition. The 
chapter on urinary tract trauma has been moved toward the end of the book, after the 
more anatomically based chapters, and has been reorganized to focus on the injuries, rather 
than the mode of detection. Additionally, the chapter on nephrolithiasis has been moved 
so that it is included with the other chapters on the diseases of the kidney. 

We have attempted to expand those features of the book that facilitate learning by 
trainees by including outlines at the beginning of each chapter and by the inclusions of 
many tables and line drawings which enhance the reader’s understanding of the material. 
A new feature for this edition is the inclusion of multiple “text boxes” which call attention 
to the important points or to common differential diagnoses. 

We hope that this edition of Textbook of Uroradiology meets with the same level of ac- 
ceptance as enjoyed by the previous editions. 


N. Reed Dunnick 
Carl M. Sandler 
Jeffrey H. Newhouse 
E. Stephen Amis, Jr. 
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ANATOMY tex. Columns of cortical tissue, however, may be found be- 

Ki tween each pyramid. These columns have been termed the 
idney 


The kidneys are paired, retroperitoneal structures that par- 
allel the psoas muscle on either side of the lumbar spine. The 
left kidney is usually slightly higher than the right and is 
slightly more medially located. The vertical axis of the kid- 
neys is approximately 20°, with the top of the kidneys closer 
to the spine. There is often considerable motility of each 
kidney, which varies with respiration and with body posi- 
tion; several centimeters of excursion may be demonstrated 
on deep inspiration or in the upright position. 

The kidney is composed of a variable number of struc- 
tural units known as the renal pyramids. Each pyramid con- 
sists of a minor calyx and its associated papillary ducts. The 
base of the pyramid is formed by its overlying renal cortex, 
and its apex is formed by the renal papilla, which projects 
into the renal sinus. The papillae are cone-shaped structures 
that contain the openings of the distal collecting ducts (the 
ducts of Bellini), which empty into the minor calyces. The 
peripheral portion of the minor calyx is called the fornix and 
projects slightly above the central papillary portion; this ap- 
pearance is responsible for the cup-like configuration of a 
normal minor calyx. The minor calyces are arranged into 
three groups: an upper group, a middle or interpolar group, 
and a lower group. Each group contains anterior and poste- 
rior calyces. On urography, posterior calyces are generally 
projected en face, whereas the anterior calyces are seen in 
profile. Four to six minor calyces come together to form a 
major calyx or infundibulum; these join together to form 
the renal pelvis. 

On cut surface, the kidney may be divided into two dis- 
crete regions: the outer cortex and the inner medulla. The 
arcuate artery at the base of each pyramid marks the junc- 
tion between the cortex and the medulla. The cortex overly- 
ing each pyramid is sometimes known as the centrilobar cor- 


septal cortex, but they are more commonly referred to as the 
columns of Bertin (or Bertini). The minor calyces, the in- 
fundibula, and the renal pelvis are jointly referred to as the 
renal collecting system. The renal sinus surrounds the col- 
lecting system and is filled with a variable amount of fat. 

The kidneys and their surrounding fascial covering, 
Gerota’s fascia, define the boundaries of the retroperi- 
toneum (Fig. 1.1). The retroperitoneum is divided into 
three discrete compartments: the anterior pararenal space, 
the perirenal space, and the posterior pararenal space. 

The anterior pararenal space extends from the posterior 
portion of the peritoneal cavity to the anterior layer of 
Gerota’s fascia. The anterior pararenal space contains the 
pancreas, the second through fourth portions of the duode- 
num, the ascending and descending colon, and the hepatic 
and splenic arteries. Laterally, the posterior layer of peri- 
toneum and the anterior layer of Gerota’s fascia merge into 
the lateroconal fascia. 

The perirenal space is defined by the anterior and poste- 
rior layers of the perirenal fascia. The two layers of perirenal 
fascia are usually fused in the midline, then open to sur- 
round the kidney, the adrenal gland, and the proximal 
ureter, and finally fuse again to merge into the lateroconal 
fascia laterally. The perinephric space, as defined by the 
perirenal fascia, is cone-shaped and filled with perinephric 
fat. The perinephric space is open at its top where it extends 
to the diaphragm; it becomes progressively smaller inferiorly 
where it communicates through its open end with the pelvic 
extraperitoneal space. The ureter passes into the pelvic ex- 
traperitoneal space through this open end. Recent evidence 
from cadaver dissections suggests that the renal fasciae fuse 
to create an anatomic barrier to disease extension between 
the perinephric space and the extraperitoneal pelvis. 

The posterior pararenal space is defined anteriorly by the 
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Perirenal space / — 


posterior layer of the perirenal fascia (Zuckerkandľ’s layer) 
and posteriorly by the fascia that covers the psoas and 
quadratus lumborum muscles. The posterior pararenal 
space contains no organs. Laterally, it merges into the 
transversalis fascia; thus, the fat in the posterior pararenal 
space communicates with the properitoneal fat of the ante- 
rior abdominal wall. The fat between the lateroconal fascia 
and the transversalis fascia is continuous with the fat in the 
posterior pararenal space; laterally, it is known as the “flank 
stripe.” The posterior space is quite small at the level of the 
kidneys as the posterior layer of Gerota’s fascia inserts on the 
quadratus lumborum at this level; inferiorly, it extends more 
medially to insert on the psoas muscle itself. 

Unlike the retroperitoneum, the pelvic extraperitoneal 
space is not truly anatomically divided; however, it often is 
classified into four potential spaces for descriptive purposes: 
(a) the space of Retzius (the anterior extraperitoneal space) 
between the symphysis pubis and the bladder; (b) the retro- 
vesicle space between the rectum and the bladder; (c) the 
presacral space between the rectum and the sacrum; and (d) 
the perirectal space that surrounds the rectum. 

The functional anatomy of the kidney is discussed in 
Chapter 4 and the vascular anatomy is described in 


Chapter 9. 


Ureter 


The ureter is a muscular conduit that transports urine from 
the renal pelvis to the bladder. It begins at the ureteropelvic 
junction, which is usually a gentle tapering of the pelvis to 
join the ureter. The ureter remains retroperitoneal through- 
out its course, extending from lateral to medial across the 
psoas muscle. At its most anterior portion, the ureter crosses 
anterior to the common or external iliac artery. The ureter 
then passes posteroinferiorly to enter the pelvis and courses 
laterally before entering the posterolateral aspect of the blad- 
der wall. The ureters enter the bladder obliquely, tunneling 
for approximately 2 cm in the muscular wall before empty- 
ing into the bladder lumen at the trigone. The ureterovesi- 
cal junction is the narrowest portion of the ureter. 


~ Posterior perirenal fascia 
Transversalis fascia 


— Posterior pararenal space 


Stomach 


Duodenum 


Pancreas 

Posterior peritoneum 

Colon 

Anterior pararenal 

space 

Anterior perirenal FIGURE 1.1. Retroperitoneal anatomy. 
fastia Note the potential for communication be- 
tween the right and left perirenal spaces 
across the midline. IVC, inferior vena cava. 
(From Amis ES Jr, Newhouse JH. Essentials of 
uroradiology. Boston: Little, Brown & Co, 
1991:5, with permission.) 


Lateroconal fascia 


The ureter is composed of mucosal, muscular, and ad- 
ventitial layers. The mucosa is covered by transitional ep- 
ithelium that is continuous with that of the renal pelvis 
proximally and the bladder distally. When the ureter is 
empty, the mucosa collapses into longitudinal folds. 

The muscular layer has both circular and longitudinal 
muscle fibers separated by fibroareolar connective tissue. In 
the distal ureter, longitudinal muscle fibers continue in the 
intravesical portion of the ureter and decussate with muscles 
of the trigone. 

The distal ureter has both a superficial and a deep peri- 
ureteral sheath that is derived from the bladder. A plane of 
cleavage containing loose connective tissue provides mobil- 
ity for the intravesical ureter. The outer, or adventitial, layer 
is composed of fibrous tissue that blends with this outer 
sheath of the ureter. 

The normal resting pressure of 8 to 15 mm Hg within 
the bladder compresses and closes the ureter. During peri- 
stalsis, pressures of 20 to 35 mm Hg are sufficient to propel 
a bolus of urine from the ureter into the bladder. The length 
of the intramural ureter and the configuration of the longi- 
tudinal muscle that inserts into the trigone are critical to the 
prevention of reflux. 

The ureter receives arterial supply from many sources. 
The renal arteries provide branches to the renal pelvis and 
proximal ureter. The aorta and lumbar, gonadal, and iliac 
arteries supply the midportion of the ureter. The predomi- 
nant vessel supplying the distal ureter is the inferior vesical 
artery. The uterine artery often sends branches to the ureter 
in females. 

Urine is moved from the kidney to the bladder primarily 
by peristalsis, although gravity does play a small role. 
Contractions begin in the calyces and propel urine toward 
the renal pelvis. These contractions are propagated in the re- 
nal pelvis, although they contribute relatively little to urine 
flow. Most of the urine enters the ureter during the resting 
phase, when the renal pelvis and ureter are in open commu- 
nication, 

Ureteral peristalsis results from the continuation of peri- 
staltic waves initiated in the intrarenal collecting system and 


propagated into the renal pelvis. Stretching of the renal 
pelvis or ureteropelvic junction also contributes to the initi- 
ation of peristaltic activity. Increases in urine flow and 
ureteral distention increase the frequency of peristaltic con- 
tractions. 


Bladder 


The bladder is a hollow pelvic viscera consisting of smooth 
muscle, lamina propria, submucosa, and mucosa. The mus- 
cle is the detrusor muscle and consists of three layers: an in- 
ner longitudinal, a middle circular, and an outer longitudi- 
nal layer. Each layer is closely applied to the other without 
separating laminae or fasciae. The detrusor body is expand- 
able and rises higher in the pelvis as it fills with urine. The 
three muscle layers condense inferiorly to form the trigone, 
or bladder base plate. The ureters enter the bladder at the 
posterior aspect of the trigone. Between the ureteric orifices 
is a muscular ridge, known as the interureteric ridge, at the 
posterior aspect of the trigone. Outer longitudinal muscle 
fibers extend inferiorly to the undersurface of the base plate 
and may contribute to the opening of the bladder neck 
when the detrusor muscle contracts during voiding. The in- 
ternal sphincter, a separate circular smooth muscle sphinc- 
ter, is located at the bladder neck. 

The adult bladder lies deep in the pelvis when empty, but 
flexibility of the detrusor muscle fibers allows the bladder 
walls and dome to rise high in the pelvis when the bladder is 
full. The flexibility of the bladder, however, is limited be- 
cause it is firmly fixed in position. The allantois obliterates 
to become the middle umbilical ligament. Obliterated um- 
bilical arteries form lateral umbilical ligaments that attach 
the bladder to the anterior abdominal wall. The pubopro- 
static ligament extends from the pubic bone to the prostate 
gland and contributes fibers to the anteroinferior aspects of 
the bladder. Posteriorly, the rectovesical ligaments represent 
condensations of Denonvilliers’ fascia, which is a double- 
layered fascia separating the bladder and urethra from the 
rectum and anus. The external longitudinal smooth muscle 
fibers of the detrusor muscle contribute muscle fiber inser- 
tions into the puboprostatic and rectovesical ligaments. The 
trigone is triangular in shape, with the base at the in- 
terureteric ridge and the apex anteriorly, extending around 
the urethral orifice or bladder neck to form the bundle of 
His. 

The bladder dome and proximal one-third of the lateral 
walls are loosely covered by the peritoneum. When the blad- 
der is empty, the peritoneum extends deep to the pelvis; 
when the bladder is full, the peritoneum is elevated. The 
male bladder is adjacent to the rectum posteriorly, the am- 
pulla of the vas deferens and seminal vesicles posteroinferi- 
orly, and the prostate base inferiorly. In the female, the 
uterus and vagina lie inferiorly and posteriorly to the blad- 
der, and the fallopian tubes, fimbria, and ovaries lie laterally 
and superiorly to the empty bladder. Anteriorly, the space of 
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Retzius lies between the anterior bladder wall and the poste- 
rior aspect of the symphysis pubis. 

The blood supply of the bladder originates from the hy- 
pogastric arteries with branches that supply the bladder 
dome; the superior, posterior, and anterior parts of the walls 
(superior vesical artery); the middle parts of the lateral, pos- 
terior, and anterior walls (middle vesical artery); and the in- 
ferior, posterior, and lateral bladder walls and the trigone 
(inferior vesical artery). Additional arterial blood may come 
from branches of the obturator artery, the vas deferens 
artery, and the inferior gluteal artery. In the female, addi- 
tional branches from the uterine and vaginal arteries may 
supply the lateral and inferior bladder walls. Capillaries 
from these supply arteries form a rich arterial network 
around the bladder. Consequently, there is a rich vesical ve- 
nous plexus that surrounds the bladder and flows directly 
into the hypogastric (internal iliac) veins. Auxiliary veins 
connect the vesical venous plexus to the hemorrhoidal veins 
that drain into the intervertebral venous plexus. This is the 
route of vesical venous drainage when the inferior vena cava 
is blocked. In addition, a rich network of vesical lymphatics 
drain into the internal and external iliac nodes, with contin- 
ued drainage into the common iliac and paraaortic nodes. 

The nerve supply to the bladder is from the autonomic 
system. The parasympathetic nerves (the pelvic nerves) are 
motor to bladder function and are responsible for the mic- 
turition reflex arc (52-54) and for the emptying of the blad- 
der. The sympathetic (hypogastric) nerves also supply the 
bladder and internal and intrinsic urethral sphincters. 
Sympathetic stimulation initiates a- and b-receptors within 
smooth muscle. Sympathetic stimulation of b-receptors 
causes smooth muscle relaxation, whereas stimulation of a- 
receptors stimulates smooth muscle contraction. 

The bladder body is rich in b-receptors. During bladder 
filling, receptor sympathetic stimulation causes detrusor re- 
laxation. The internal sphincter at the bladder neck is rich 
in a-receptors, and causes contraction of the bladder neck 
sphincter. Consequently, bladder filling and retention of 
urine in the bladder is the result of sympathetic activity. 
When the bladder is fully stretched, receptors in the detru- 
sor muscle stimulate the parasympathetic and micturition 
reflex arc to activity, causing motor activity in the parasym- 
pathetic pelvic nerves, resulting in reciprocal reduction of 
sympathetic activity and relaxation of the smooth muscle 
sphincters to allow voiding. Voluntary relaxation of the stri- 
ated external sphincter and pelvic floor muscles under the 
voluntary and reflex activity of the pudendal nerves (S2—S4) 
also allows normal voiding. Any abnormal activity of the 
parasympathetic, sympathetic, or pudendal nerve results in 
an abnormal voiding pattern such as that found in patients 
with a neurogenic bladder. 

The bladder mucosa is composed of transitional cells and 
contains pain receptors. The mucosa is mote sensitive to ex- 
treme temperature changes than to pain. The instillation of 
ice-cold water into the bladder stimulates detrusor contrac- 
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tion. Afferent pain and temperature impulses are conveyed 
via the parasympathetic (pelvic) and sympathetic (hypogas- 
tric) nerves. Consequently, pain and temperature stimula- 
tion result in detrusor contraction, which produces more 
frequent voiding. 


Prostate 


The normal prostate gland weighs up to 20 g and has a wider 
base (approximately 4.5 cm) than length (approximately 3.5 
cm). Five prostatic lobes are present in the early male fetus. 
By birth, the anterior lobe has atrophied and the lateral lobes 
have extended anteriorly to surround the urethra. Thus, 
there are four recognized lobes in the adult. The median lobe 
lies posterior and above the ejaculatory duct (Fig. 1.2), while 
the posterior lobe lies below the ejaculatory duct. The poste- 
rior lobe is fan-shaped and is palpated on rectal examination. 
The lateral lobes extend laterally and anteriorly. The ejacula- 
tory ducts pass through the posterior prostate and divide the 
median and posterior lobes. Microscopic studies of the 
prostate reveal an extensive fibrous tissue stroma more 
prominent in the transitional and central zone. 

The prostate is fixed in position by two main attach- 
ments. The puboprostatic ligament extends from the poste- 
rior aspect of the pubis to the prostatic capsule and the blad- 
der anteroinferiorly. The prostate often is represented 
diagrammatically as an upside-down pear, with the apex 
resting on the superior fascia of the urogenital diaphragm 
and the base resting against the bladder trigone. Multiple 
microscopic studies of this region have not revealed any su- 
perior fascia of the urogenital diaphragm. The studies do re- 
veal that the apex of the prostate is embedded in the striated 
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FIGURE 1.2. Diagram of normal prostate lobes in relation to 
bladder base, ejaculatory duct (ED), and membranous urethra 
(MU). AVD, ampulla of vas deferens; LL, lateral lobe; ML, medial 
lobe; PL, posterior lobe; SV, seminal vesicle. (From McCallum R. 
The adult male urethra. Radiol Clin North Am 1979;27 : 227-244, 
with permission.) 


muscle fibers of the external sphincter. True prostatic glands 
intermingle with these striated muscle fibers. Posteriorly, 
the prostate is separated from the rectum by Denonvilliers’ 
fascia, which supplies posterior ligamentous fibers to the 
posterior bladder base. Thus, the prostate is held firmly in 
position by the puboprostatic ligament, bladder trigone, 
and external sphincter fibers at the urogenital diaphragm 
(which is not a true diaphragm). 

In 1954, Franks described two separate types of glands 
and named them the inner and outer periurethral glands. 
The inner periurethral glands are mucosal and submucosal, 
and are only present above the verumontanum. Franks at- 
tributed prostatic hypertrophy and hyperplasia to these 
glands. The outer periurethral glands are the true prostatic 
lobes and never undergo hypertrophy, but are subject to car- 
cinoma and infection. 

In 1972, McNeal’s anatomic dissections and microscopic 
studies emphasized the different types and sites of glandular 
tissue within the prostate. Rather than designating lobes, 
McNeal described three separate zones within the prostate. 
Corresponding to the inner periurethral glands of Franks, 
McNeal described a transitional zone that undergoes hyper- 
trophy and hyperplasia to produce fibroadenomata. This 
zone represents only 5% of prostatic volume and is only seen 
above the verumontanum. McNeal’s central zone is said to 
be true prostatic tissue centrally and above the verumon- 
tanum, the glands of which also undergo hypertrophy. The 
peripheral zone is true prostatic tissue, comprises the bulk of 
the prostate gland, and is subject to the development of car- 
cinoma and infection. Hypertrophy of transitional zone 
glands centrally and posteriorly may result in an apparent 
intravesical filling defect, the so-called “lobe of Albarran.” 


Vas Deferens and Seminal Vesicles 
Vas Deferens 


The vas deferens arises from the tail of the epididymis, 
passes along the spermatic cord, and enters the pelvis 
through the internal spermatic ring. In the pelvis the vas def- 
erens follows the lateral pelvic wall, curving inferoposteri- 
orly and medially. It crosses superficial to the external iliac 
vessels, the vesical arteries, the obturator nerve and vein, and 
the ureter. As the vas deferens crosses the ureter it becomes 
convoluted and dilated, increasing in diameter from 1 mm 
up to 1 cm. This is the ampulla of the vas deferens (Fig. 1.3). 
The diameter of the ampulla of the vas deferens varies from 
approximately 3 mm to 1 cm. The total length of the vas 
deferens, including the ampulla, is 35 to 45 cm. 

The beginning of the ampulla as it crosses the ureter is 
within 1.5 cm of the fundus of the seminal vesicle. The in- 
feromedial course brings the vas deferens medial and adja- 
cent to the seminal vesicle. As the ampulla courses to the 
midline it meets the excretory duct of the seminal vesicle. 
The distal ampulla and excretory duct join to form the ejac- 


FIGURE 1.3. Normal seminal vesiculogram. Through scrotal inci- 
sions, contrast medium is injected into the vas deferens and out- 
lines the vas deferens (white arrows), the ampulla of the vas def- 
erens (black arrow), the ejaculatory duct (ED), and reflux of 
contrast medium into the seminal vesicles (long black arrow). 
(From Putman C, Ravin C. Textbook of diagnostic imaging, vol. 2. 
Philadelphia: WB Saunders, 1988: 1358, with permission.) 


ulatory duct. The ejaculatory duct is almost midline, cours- 
ing through the prostate posteriorly to empty into the veru- 
montanum 1 mm lateral to midline. The ejaculatory duct is 
a continuation of the excretory duct, with the ampulla con- 
tributing as a tributary in approximately 50% of males. In 
the other 50% of males, the ejaculatory duct is a confluence 
of the excretory duct and the ampulla with equal contribu- 
tion. The duct is approximately 1.5 cm in length and 1.5 
mm in width. 

The ejaculatory ducts are straight, parallel, and symmet- 
ric. Rarely, they are slightly curved or hooked. In anatomi- 
cally normal males, the opening of the ejaculatory ducts into 
the verumontanum is 2 to 2.5 cm below the bladder neck. 
The vas deferens consists of three layers: an areolar layer ex- 
ternally, a smooth muscle layer, and a mucosal layer. 

The muscle layer at the origin of the duct consists of 
three layers: an outer longitudinal, a middle circular, and an 
inner longitudinal layer. Shortly after the commencement 
of the duct, the inner longitudinal layer disappears, leaving 
most of the length of the vas deferens with outer longitudi- 
nal and inner circular layers of smooth muscle. Most of the 
epithelial layer consists of one layer of columnar epithelium, 
which is not ciliated. Near the origin of the vas deferens at 
the testicular end there is a double layer of columnar ep- 
ithelium, the superficial layer of which is ciliated. The di- 
lated convoluted ampulla of the vas deferens consists of the 
same structure as most of the length of the vas deferens. The 
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ampullae of the vas deferens are generally symmetric in size 
and angulation. 


Seminal Vesicles 


Like the vas deferens, the seminal vesicles are paired struc- 
tures that are usually symmetric. Each seminal vesicle is ap- 
proximately 4.5 to 5 cm in length and 2 cm in width when 
measured in its normal state. The seminal vesicle is a blind- 
ending tube, coiled on itself and convoluted, giving the ap- 
pearance of numerous diverticula. The seminal vesicle is 
pyramidal in shape, with the broader end directed laterally 
and posterosuperiorly. The lower end is funneled to form 
the excretory duct that joins with the distal end of the am- 
pulla of the vas deferens to form the ejaculatory duct. The 
anterior surface of the seminal vesicle is in close contact with 
the posterior bladder wall and reaches to the fundus of the 
empty bladder. When the bladder is distended with fluid, 
the seminal vesicle reaches almost halfway up the posterior 
bladder wall. The posterior surface of the seminal vesicle lies 
on Denonvilliers’ fascia, separating it from the rectum. The 
distal posterior surface is closely adjacent to the base of the 
prostate. The seminal vesicle is adjacent to the ampulla of 
the vas deferens. It reaches to the level of the pelvic ureter 
both laterally and posteriorly. 

Like the vas deferens, the microscopic structure of the 
seminal vesicles consists of three layers enveloped in a dense 
fibromuscular sheath. The outer layer consists of fibroareo- 
lar tissue. The middle layer consists of two smooth muscle 
layers: an outer longitudinal and an inner circular layer. An 
internal mucosa consists of columnar epithelium. Within 
the pseudodiverticula are numerous goblet cells that con- 
tribute to the seminal fluid. Arterial supply and venous 
drainage originate from the middle and inferior vesicle ar- 
teries and from the middle hemorrhoidal artery and vein. 
The nerve supply is autonomic, arising from the pelvic 
parasympathetic plexus. 


Urethra 
Anterior Urethra 


The urethra consists of anterior and posterior portions, each 
of which is subdivided into two parts (Fig. 1.4). The ante- 
rior urethra extends from the external meatus to the inferior 
edge of the urogenital diaphragm. The penile (or pendu- 
lous) urethra extends from the external meatus to the peno- 
scrotal junction inferiorly, and to the suspensory ligament 
superiorly. This is a relatively fixed point, although the sus- 
pensory ligament has some elasticity, allowing approxi- 
mately 1 cm of inferior motion. The penile urethra has a 
slightly dilated segment approximately 1.5 to 2 cm proximal 
to the external meatus, which is known as the fossa navicu- 
laris, and is approximately 1 to 1.5 cm in length. 

The bulbous urethra extends from the penoscrotal junc- 
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tion to the inferior fascia of the urogenital diaphragm. There 
is a dilatation in the proximal half of the bulbous urethra, 
termed the bulbous urethral sump, where the diameter of 
the anterior urethra is greatest. The bulbous sump is ap- 
proximately 2 to 3 cm long and is the most inferior part of 
the urethra, 

The anterior urethra is lined by stratified columnar ep- 
ithelium except at the external meatus, where it changes to 
stratified squamous epithelium, which covers the glans pe- 
nis. Along the length of the anterior urethra are small, mu- 
cus-secreting submucosal glands. These are termed the 
glands of Littre, and are more numerous in the bulbous 
sump and in the superior aspect of the penile urethra. These 
glands secrete mucus into the urethra during sexual stimula- 
tion. Two ducts empty into the sump of the bulbous ure- 
thra. These are the long ducts of the pea-sized glands of 
Cowper, which lie on either side of the membranous ure- 
thra, within the urogenital diaphragm. Cowper’s glands also 
secrete mucus during sexual stimulation. 

A small, striated musculotendinous sling of the bulbo- 
cavernous muscle extends from the anterior and lateral sur- 
faces of the proximal bulbous urethra. This structure is 
known as the musculus compressor nuda (Fig. 1.5) and may 
indent the proximal bulbous urethra on dynamic retrograde 
urethrography or, rarely, on voiding urethrography. It 
should not be mistaken for stricture formation. The bulbo- 
cavernous muscle is involved in emptying the anterior ure- 
thra at the end of micturition. The levator ani muscles, the 
ischiocavernous muscles, and the superficial and deep trans- 
verse perinea are pelvic floor muscles involved in the active 
inhibition or interruption of micturition. Both anatomic 
dissections and dynamic retrograde urethrographic studies 
have shown a convex symmetric cone shape to the proximal 
bulbous urethra (Fig. 1.5). The tip of the cone shape is the 
point at which the bulbous urethra enters the urogenital di- 
aphragm to continue as the membranous urethra. 
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FIGURE 1.4. Diagram of urethra with normal anatomic 
landmarks. (From McCallum R. The adult male urethra. 
Radiol Clin North Am 1979;27 : 227-244, with permis- 
sion.) 


Posterior Urethra 


The posterior urethra extends from the bladder neck to the 
inferior aspect of the urogenital diaphragm and is divided 
into the prostatic and membranous portions. 

The prostatic urethra is approximately 3.5 cm in length 
and passes through the prostate gland slightly anterior to 


FIGURE 1.5. Dynamic retrograde urethrogram. M, membranous 
urethra; MCN, musculus compressor nuda. (From McCallum R. 
The adult male urethra. Radiol Clin North Am 1979;27 : 227-244, 
with permission.) 


midline. It continues as the membranous urethra, which is 
approximately 1 to 1.5 cm in length, and ends at the infe- 
rior aspect of the urogenital diaphragm. A longitudinal ridge 
of smooth muscle extends from the bladder neck to the 
membranous urethra on the posterior wall of the posterior 
urethra. This longitudinal smooth muscle bundle swells just 
proximal to the membranous urethra to form an ovoid 
mound, the verumontanum (colliculus). The bulk of the 
verumontanum is posterior, is approximately 1 cm in 
length, and tapers distally in the prostatic urethra to con- 
tinue as the urethral crest, which flattens in the membra- 
nous urethra. 

The prostatic urethral mucosa is continuous with the 
bladder mucosa and is composed of transitional cells, but 
changes to stratified columnar epithelium at the mem- 
branous urethra. The supracollicular prostatic urethra is the 
widest part of the prostatic urethra. During voiding, the 
normal diameter of the bladder orifice and supracollicular 
prostatic urethra is approximately 1 to 1.5 cm. The 
submucosa in the supracollicular prostatic urethra differs 
from the submucosa at the verumontanum and inferiorly. 
Above the verumontanum, small mucosal and submucosal 
glands known as the inner periurethral glands that cor- 
respond to McNeal’s transitional zone are present. These 
periurethral glands are only present above the veru- 
montanum and undergo hypertrophy and hyperplasia. 
Consequently, the supracollicular prostatic urethra may be 
compressed by prostatic adenomata that may enlarge to 
obstruct the bladder neck or indent the bladder base. 
Occasionally adenomata are so numerous and large that 
they may push the verumontanum inferiorly. Rarely do 
prostatic adenomata extend below the verumontanum. 
The inner periurethral glands or glands of the transitional 
zone empty into the supracollicular prostatic urethra and 
into the prostatic sulcus on both sides of the verumon- 
tanum. 

There are three distinct orifices in the verumontanum. 
The most proximal orifice is central and represents the pro- 
static utricle, a vestigial remnant of the miillerian duct. On 
either side of the midline below the prostatic utricle are two 
openings of the ejaculatory ducts, formed at the junction of 
the ampulla of the vas deferens and the short duct of the 
seminal vesicles. The verumontanum tapers inferiorly to 
continue as the urethral crest, which is longitudinal smooth 
muscle, and continues to the membranous urethra. Within 
the submucosa of the posterior urethra is a network of blood 
vessels that predominates over the verumontanum and ure- 
thral crest. The verumontanum and urethral crest form a 
smooth muscle organ involved in lengthening the posterior 
urethra during voiding and shortening the urethra at the 
end of voiding. This muscular organ also is likely involved 
in contracting the posterior urethra during emission and 
ejaculation, directing the emission through the membra- 
nous urethra and into the bulbous urethra for ejaculation by 
contraction of the bulbocavernous muscle. 
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Urethral Sphincters 


The internal urethral sphincter lies in the trigourethral area 
and is the primary muscle of passive continence (Fig. 1.6). 
There are two schools of thought regarding this complex 
area. Tanagho and Smith, Lapides et al., and Hutch and 
Rambo believe that a true circular sphincter does not exist, 
and that the outer longitudinal muscle fibers from the de- 
trusor muscle are inserted below the trigone. These investi- 
gators claim that detrusor contraction when the bladder is 
full pulls the base plate open from below, allowing the in- 
ternal urethral orifice to open. This opinion is in direct con- 
trast to the microscopic studies of McCallum and Colapinto 
as well as those of McNeal, Uhlenhuth et al., Woodburne, 
and Gil-Vernet, which found that compact circular smooth 
muscle fibers at the bladder neck (unlike detrusor muscle 
fibers) represent a true internal sphincter. In addition, phys- 
iologic studies by Kleeman have shown that the bladder 
neck sphincter can be made to contract under the action of 
sympathomimetic drugs, even while the detrusor muscle is 
contracting. There is sufficient evidence to state that there is 
a true circular internal sphincter at the bladder neck that acts 
as the primary muscle of passive continence. Detrusor ex- 
ternal longitudinal smooth muscle fibers inserting into the 
inferior surface of the trigone are present and undoubtedly 
contribute to the opening of the bladder neck during void- 
ing. 

Below the mound of the verumontanum in the distal 
one-third of the prostatic urethra and surrounding the 
membranous urethra is a second smooth muscle sphincter, 
the intrinsic sphincter (Fig. 1.6). Microscopic cross sections 
through the distal prostatic urethra show a longitudinal 
smooth muscle elevation in the posterior wall of the cross 
section that is the urethral crest. Surrounding the distal pro- 
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FIGURE 1.6. Diagram of the three urinary sphincters. The inter- 
nal and intrinsic sphincters are smooth muscle, while the external 
sphincter is striated voluntary muscle. VM, verumontanum. (From 
McCallum R. The adult male urethra. Radiol Clin North Am 
1979;27 : 227-244, with permission.) ' 
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static urethra is a thick band of circular smooth muscle that 
continues inferiorly to surround the membranous urethra. 
The urethral crest flattens in the membranous urethra. 
Adjacent to the membranous urethra submucosa is a thick 
band of circular smooth muscle that constitutes the intrin- 
sic sphincter surrounding the membranous urethra and dis- 
tal prostatic urethra up to the inferior edge of the mound of 
the verumontanum. Only sparse circular or arcuate-striated 
and smooth muscle fibers lie between the internal sphincter 
at the bladder neck and the intrinsic sphincter. 
Consequently, two separate smooth muscle sphincters ap- 
pear to be in the posterior urethra. Both of these sphincters 
function as muscles maintaining passive continence. If the 
internal sphincter at the bladder neck is ablated, as it is in 
any kind of prostatectomy, or as a result of trigourethral in- 
jury in pelvic fracture (rare), the intrinsic sphincter becomes 
the primary smooth muscle of passive continence. If both 
internal and intrinsic sphincters are damaged, the patient 
will be passively incontinent. The degree to which this con- 
dition is present usually depends on the extent of damage to 
the intrinsic sphincter. 

The external sphincter is a striated voluntary muscle and 
is involved in active continence or the interruption of mic- 
turition. There also is reflex activity of the external sphinc- 
ter, which contracts reflexly (along with the pelvic floor 
muscles) on increased intraabdominal pressure and inhibits 
stress incontinence. The external sphincter surrounds the 
membranous urethra peripheral to the intrinsic sphincter 
and, in addition, sends arcuate fibers proximally beneath the 
prostatic capsule almost to the bladder base. The external 
striated sphincter plays no part in maintaining passive con- 
tinence. Although the striated muscle fibers maintain tone, 
the resting tone of the striated muscle fibers is insufficient to 
maintain passive continence. 

Microscopic studies through the membranous urethra 
and urogenital diaphragm clearly show that the external 
striated muscle fibers lie in close apposition to the smooth 
muscle fibers of the intrinsic sphincter and, in fact, inter- 
mingle with peripheral smooth muscle fibers. It is postu- 
lated that, when micturition is physiologically necessary but 
socially unsuitable, voluntary contraction of the pelvic floor 
muscles including the external sphincter actively inhibits 
micturition by the transference of electrical impulses from 
the intermingling striated fibers of the external sphincter to 
the smooth muscle fibers of the intrinsic sphincter. Thus, 
active continence becomes passive continence within a few 
minutes. 

Contraction of voluntary muscles including the external 
sphincter can only be maintained for a few minutes, after 
which striated muscle fibers tire. Consequently, when it is 
inconvenient to micturate but the urge to micturate is 
strong, micturition can be controlled by initiating active 
continence, maintained for a few minutes, after which con- 
tinence becomes passive and the immediate necessity to void 
passes. 


The smooth muscle sphincters of the posterior urethra 
are rich in a-receptors that cause contraction with sympa- 
thetic stimulation. Consequently, passive continence is con- 
trolled by sympathetic (T11—L2) stimulation with recipro- 
cal relaxation of the parasympathetic nerves to allow the 
bladder to fill. The filled bladder stimulates the parasympa- 
thetic (S2—S4) nerves to cause motor activity in the detrusor 
muscle and bladder contraction. Reciprocal sympathetic re- 
laxation causes the smooth muscle sphincters to relax, al- 
lowing micturition to take place. The external striated 
sphincter and pelvic floor muscles also relax reflexly by re- 
duced activity of the pudendal nerves (S2-S4), allowing 
good urinary flow. 

The intrinsic sphincter has a second function that in- 
volves a milk-back action at the end of micturition. The 
milk-back action empties the posterior urethra at the end of 
micturition, projecting the 1 to 2 cm of urine in the poste- 
rior urethra back into the bladder. This function is likely the 
result of both the striated external sphincter and intrinsic 
sphincter. The bulbocavernous muscle empties the anterior 
urethra at the end of micturition; therefore, the whole ure- 
thra is empty of urine at the end of micturition. 

The urethra is fixed at two points: the penoscrotal junc- 
tion and the urogenital diaphragm. Consequently, the ure- 
thra normally maintains a reverse horizontal S-shape. Thus, 
passage into the urethra of any straight metallic instrument 
that is maintained in position for a significant time may 
cause pressure necrosis at the fixed points, leading to scar- 
ring and stricture formation. 


Penis 


The penis is suspended superiorly from the pubic bone by 
the suspensory ligament. Inferiorly, the bulbous penis is 
longer and extends proximally between the testicles, where 
the bulbocavernosus muscle covers the bulbous urethra. The 
penis consists of two separate bodies of cavernous tissue. 
The corpus spongiosum, through which the urethra passes, 
lies inferior to two parallel cavernous bodies, the corpora 
cavernosa (Fig. 1.7). The corpus spongiosum is longer than 
the corpora cavernosa and is bulbous at both ends. The dis- 
tal end of the corpus spongiosum is formed by the glans pe- 
nis, which fits like a cap on the blunt ends of the corpora 
cavernosa. The proximal end of the corpus spongiosum di- 
lates as the bulbous penis, which is bound to the pubic arch 
by the inferior fascia of the urogenital diaphragm (i.e., the 
perineal membrane). 

The corpora cavernosa are symmetric cavernous bodies 
capped distally by the glans penis. Proximally at the root of 
the penis, they become pointed and separated, and each is 
firmly connected to the rami of the pubic arch. Each corpus 
cavernosa is separated by a perforated septum, the septum 
pectiniform. Both corpora cavernosa and corpus spongio- 
sum are bound together by a fibrous envelope, the deep 
(Buck’s) fascia that is surrounded by the tunica albuginea. 
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FIGURE 1.7. Male urethra and periurethral structures. (From Amis ES Jr, Newhouse JH, Cronan JJ: 
Radiology of male periurethral structures. AJR 1988;151: 321-324, with permission.) 


Within this fibrous tunica albuginea lies the deep dorsal 
vein, dorsal artery, and dorsal nerve of the penis. The tunica 
albuginea is surrounded by a loose areolar layer below the 
skin. The superficial dorsal vein of the penis lies within the 
areolar layer and drains the prepuce and skin of the penis. 

The arterial supply to the penis is from the internal pu- 
dendal artery, which is a branch of the anterior division of 
the internal iliac artery. The four branches of the internal 
pudendal artery are the pelvic, gluteal, ischiorectal, and per- 
ineal. The dorsal penile artery usually arises from the per- 
ineal branch. Rarely, the dorsal penile artery arises from 
branches of the external pudendal artery, or from the infe- 
rior vesical artery. The deep dorsal artery extends to the 
glans penis and sends circumflex branches to the sinusoids 
of the spongy tissue of the three corpora. An increase in ar- 
terial blood flow to these sinusoids, as in sexual stimulation, 
results in erection. 

The venous drainage of the penis is via the superficial and 
deep dorsal veins. The superficial vein drains the penile skin 
and prepuce, and drains into the external pudendal vein and 
saphenous vein. Circumflex veins interconnecting the su- 
perficial and deep dorsal veins are present and function 
when the penis is in the flaccid state. These circumflex veins 
are compressed during erection between tunica albuginea 
and the deep (Buck’s) fascia and are temporarily obliterated, 
thus reducing venous drainage. The deep dorsal vein and 
circumflex veins of the penis have been shown to contain 
valves. These valves are closed during erection, further re- 
ducing venous drainage. The deep dorsal vein drains into 
the vesicoprostatic plexus. In the flaccid penis, cavernosog- 


raphy shows symmetric corpora cavernosa and shows the 
deep dorsal vein draining into the vesicoprostatic plexus. 
During erection, the valves in the deep dorsal vein are closed 
and may not be visualized during cavernosography in nor- 
mal erection. The vesicoprostatic plexus and the superficial 
venous system should not be visualized. Because communi- 
cations are temporarily obliterated during erection, these 
anatomic conditions are the basis for cavernosography in the 
assessment of impotence that may be due to venous leakage. 

The dorsal nerve that lies within the deep fascia is a 
branch of the pudendal nerve and provides sensory input to 
the glans penis, penile skin, and urethra. Accompanying the 
dorsal nerve of the penis are branches of the parasympa- 
thetic nerves, which are the autonomic nerve supply that 
produces erection. Both the parasympathetic and the pu- 
dendal nerves arise from the sacral segments $2-S4. The 
sympathetic nerve supply (i.e., hypogastic nerve) is respon- 
sible for emission of semen into the posterior urethra. The 
pudendal nerve supplying the bulbocavernous and pelvic 
floor muscles is responsible for ejaculation. Emission of se- 
men and ejaculation are not yet fully understood. The blad- 
der neck must remain closed to avoid retrograde ejaculation 
into the bladder, and the external and intrinsic sphincter 
(supplied by the pudendal nerve and sympathetic nerve, re- 
spectively) must relax to allow the seminal emission to pass 
into the proximal bulbous urethra for ejaculation by the bul- 
bocavernosus (supplied by the pudendal nerve). Emission 
and ejaculation are believed to be a matter of precise timing, 
and the bladder neck is thought to be closed by contraction 
of the arcuate fibers of the external sphincter that pull the 
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verumontanum up to the bladder neck to mechanically 
close the orifice. The emission then goes the route of least 
resistance and passes into the bulbous urethra. 


Scrotum and Contents 


The scrotum and contents are best considered as evagina- 
tions of the anterior abdominal wall produced by testicular 
descent through the inguinal canal and superficial inguinal 
ring. Consequently, the scrotal contents have eight different 
layers of tissue. By the time the testes and epididymis are 
ready for descent through the inguinal canal, they are al- 
ready invested by the tunica albuginea, which is closely ap- 
plied to the seminiferous tubules. The tunica albuginea ex- 
tends septa between the seminiferous tubules that converge 
on the rete testis and divide the testis into seminiferous lob- 
ules. About the same time, a peritoneal fold on the anterior 
abdominal wall, termed the saccus vaginalis, evaginates into 
the inguinal canal. Consequently, as the testicle descends 
through the inguinal canal and superficial inguinal ring, it 
becomes invested by three tunica: (a) the tunica albuginea, 
which is closest to the seminiferous tubules; (b) the tunica 
vasculosa, which consists of a plexus of blood vessels lining 
the tunica albuginea and interlobular septa, thereby allow- 
ing adequate blood supply to the testis; and (c) the tunica 
vaginalis, a peritoneal layer that is continuous with the sac- 
cus vaginalis and that surrounds both inner tunica. The tu- 
nica vaginalis is double layered, consisting of visceral and 
parietal layers with a cavity between them. The saccus vagi- 
nalis proximal to the testis obliterates, leaving no connection 
between the testis and peritoneal cavity. 

As the testis descends through the inguinal canal, it car- 
ries the layers of the anterior abdominal wall including tu- 
nica vaginalis, subperitoneal fat, transversalis fascia, 
transversus, internal oblique and external oblique aponeu- 
rosis, subcutaneous fat, and skin. Within the subcutaneous 
fat layer extending to the scrotum is a layer of Colles’ fascia 
and the dartos muscle. 

The normal testis is 4 to 5 cm in length, 3 cm in width, 
and 2.5 cm in breadth. Testicular weight varies from 10 to 
14 g. The epididymis lies along the lateral posterior border 
of the testis. The testicular appendix, a minute oval sessile 
body, lies at the upper end of the testis adjacent to the head 
of the epididymis. This is the hydatid of Morgagni, a vesti- 
gial remnant of the miillerian duct. The head of the epi- 
didymis has a small appendix that is thought to be the result 
of detached efferent ducts. The internal structure of the 
testis consists of 250 to 400 lobules. Each lobule consists of 
several (one to five) convoluted tubules, supported by inter- 
stitial cells. Spermatogonia, spermatids, and spermatozoon 
develop from these convoluted tubules. Cells of Sertoli are 
also present in the tubules and appear to be necessary for the 
progress of the spermatozoa along the tubules. Toward the 
hilum, the tubules become straight and coalesce to form 20 
to 30 straight ducts that enter the fibrous tissue of the me- 


diastinum testis. Here the tubules lose their walls and sim- 
ply become channels through the fibrous tissue of the medi- 
astinum, producing a fine network of channels called the 
rete testes. The channels of the rete testes progress to the 
proximal end of the mediastinum where a number of ducts 
develop for perforation of the tunica albuginea. These effer- 
ent ducts pass through the tunica albuginea in the head epi- 
didymis. 


EMBRYOLOGY 
Upper Urinary Tract 


The human kidney develops in three discrete stages (Fig. 
1.8). The first such stage, the pronephros, appears during 
the end of the third week of gestation and is so named be- 
cause of its relatively cephalic position. The tubules of the 
pronephros drain into an excretory duct that terminates in 
the cloaca. After the third week of gestation, the pronephros 
involutes and is replaced by the mesonephros, which devel- 
ops immediately caudal to the pronephros. The 
mesonephros consists of a series of uriniferous tubules, each 
of which is associated with a group of blood vessels to form 
primitive glomeruli. The uriniferous tubules develop from a 
pair of laterally placed mesodermal structures known as the 
nephrogenic cord. The tubules on each side drain into a me- 
dially located structure called the mesonephric, or wolffian, 
duct. The mesonephric duct, in turn, drains into the same 
excretory duct that had its origins in the pronephros stage. 
The mesonephric duct then begins to involute; however, 
remnants of this duct persist in both sexes into adulthood. 
In males, the mesonephric duct serves as the precursor of the 
vas deferens, the seminal vesicles, and the ejaculatory ducts. 
In females, remnants of the mesonephric duct are vestigial. 
Late in the fifth week of gestation, the final stage of de- 
velopment of the human kidney, the metanephros, begins. 
At the level of the twenty-eighth somite (the future site of 
the first sacral vertebra) a diverticulum forms from the 
mesonephric duct. This outpocketing is known as the 
ureteral bud. The tissue that surrounds the ureteral bud is 
known as the metanephric blastema and is derived from the 
caudal end of the nephrogenic cord. The metanephric 
blastema is induced to develop into nephrons under the in- 
fluence of the ureteral bud, beginning at about the seventh 
week of gestation. The metanephric blastema will not de- 
velop nephrons unless the ureteral bud is present. The 
ureteral bud itself elongates and undergoes multiple divi- 
sions to form the renal tubules, the major and minor calyces 
(Fig. 1.9), the renal pelvis (Fig. 1.10), and the ureter. The 
divisions of the ureteral bud are dichotomous; however, 
more divisions occur in the polar regions of the kidney than 
in its midportion. For this reason, the renal parenchyma 
contains more nephrons and is thicker in its poles. This di- 
vision process results in the formation of the renal pyramids. 
A pyramid together with its overlying cloak of renal cortex 


is known as a primitive renal lobe. The number of renal 
lobes formed thus depends on the number of calyces pre- 
sent. Also, between the fourth and eighth weeks, the devel- 
oping kidneys migrate in a cephalic direction out of the 
pelvis to assume their adult position opposite the second 
lumbar vertebra. During the course of this migration, the 
kidneys rotate 90° about their longitudinal axis, so that the 
renal pelvis lies in a medial position. 

At the fourth month of gestation, there are classically 14 
discrete renal lobes, seven anterior and seven posterior, sep- 
arated by a fibrous longitudinal groove. Following the 
twenty-eighth week of gestation, assimilation of the bound- 
ary between these lobes occurs. Persistence of these grooves 
into adulthood results in a grooved appearance to the sur- 
face of the kidney known as persistent fetal lobulation. In 
addition, some of the calyces become fused so that the one- 
to-one relationship between the calyces and the papillae in 
the fetal kidney is lost in the adult kidney. This process also 
is more pronounced in the polar region of the kidney and re- 
sults in the development of compound calyces, each of 
which drains two to four papillae. 

During this same period, there is assimilation of the sep- 
tal cortex, which also is more pronounced in the polar re- 
gions of the kidney. When such fusion is complete, the 
medulla between adjacent lobes directly abut one another; 
where relatively little fusion is present, characteristically in 
the interpolar regions of the kidney, columns of cortical tis- 
sue may be found between adjacent medullary lobes. When 
these columns have a slightly bulbous appearance, an in- 
dentation on one of the major calyces or the renal pelvis may 
be produced, which simulates an intrarenal mass; such a re- 
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FIGURE 1.8. Embryogenesis of the kidney 
(a) pronephros; (b) early mesonephros; (c) 
degenerating pronephros; (d) mesonephric 
duct; (e) ureteral bud; (f) degenerating 
mesonephros; (g) metanephros. 


nal “pseudotumor” is known as a hypertrophied column of 
Bertin. 


Lower Urogenital Tract 


The embryology of the lower urogenital tract is best consid- 
ered as consisting of four separate developmental stages: (a) 
development of the cloaca; (b) separation of the cloaca into 
dorsal and ventral portions; (c) development of these into 
the bladder, allantois, and urogenital sinus; and (d) devel- 
opment of the ventral and vesicourethral portions of the 
bladder, and division of the urogenital sinus into pelvic and 
phallic portions. 

The cloaca is a dilatation of the entodermal hindgut 
formed after fetal flexion and anterior movement of the al- 
lantois into the body stalk. Solid rods of cells form in the 
mesoderm of the lateral cell masses. These rods of cells move 
caudally to reach the ventral portion of the cloaca and be- 
come canalized to form the wolffian ducts. This process oc- 
curs at 4 to 5 weeks of gestation. Shortly after the formation 
of the wolffian ducts, a second pair of ducts develop lateral 
to the wolffian ducts. These are the miillerian ducts that de- 
velop from coelomic evaginations. The cloaca is closed infe- 
riorly from the exterior by the cloacal membrane, which 
consists of a thin entodermal layer and a thick ectodermal 
layer. 

After the development and insertion of the wolffian and 
miillerian ducts into the ventral aspect of the cloaca, the 
cloaca is divided into dorsal and ventral portions by the cloa- 
cal septum (urorectal septum). The cloacal septum arises 
from the ridge separating the communication of the allan- 


FIGURE 1.9. Development of calyx. New genera- 
tions of branches are formed from the ureteral bud 
(1-3); early configuration of calyx (4); progressive 
distention of the cavity (5); invagination of the cav- 
ity (6); cup-like structure of calyx is formed (7). 
(Modified from Potter EL. Normal and abnormal 
development of the kidney. Chicago: Year Book 
Medical Publishers, 1972, with permission.) 
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tois with the intestine and the communication of the cloaca 
with the intestine. The dorsal portion of the cloaca becomes 
the rectum, and the ventral portion becomes the allantois, 
bladder, and urogenital sinus. The urogenital sinus divides 
into pelvic and phallic portions, and the allantois finally at- 
rophies as the umbilical ligament. 

The ventral bladder produces the bladder dome, the ven- 
tral bladder wall, and the urachus. The vesicourethral por- 
tion of the ventral bladder is the site of insertion of the wolf- 
fian and miillerian ducts. The lateral and posterior bladder 
walls, the bladder trigone, internal sphincter, and proximal 
urethra are formed from the vesicourethral portion of the 
ventral bladder. The two wolffian and two miillerian ducts 
develop into distinctive features that separate the sexes. In 
the male, the wolffian duct develops into the epididymis, 
the vas deferens, the seminal vesicles, the ejaculatory ducts, 
and the verumontanum. The proximal prostatic urethra and 
the proximal part of the prostate also are developed from the 
vesicourethral portion of the ventral bladder. The miillerian 
ducts atrophy but persist as a vestigial remnant as the pro- 
static utricle in the verumontanum and by appendices of the 
testes (the hydatid of Morgagni). 

In the female, the miillerian ducts develop into the fal- 
lopian tubes and by fusing together produce the uterus, 
cervix, vagina, and proximal urethra while the distal wolf- 
fian ducts atrophy. The proximal wolffian ducts develop 
into long ducts known as the ducts of Gartner. 

The pelvic portion of the urogenital sinus also develops 
into the features differentiating the sexes. In the male, the 
pelvic portion produces the distal prostatic urethra, the 
membranous urethra, the distal prostate gland, and the uro- 
genital diaphragm. In the female, the pelvic portion pro- 
duces the distal urethra, the vestibule, and the greater 
vestibular gland. 

In the male, the phallic portion of the urogenital sinus 
produces the bulbous and penile urethra, the glands and 
ducts of Cowper, the glands of Littre, the corpora cavernosa, 
and the corpus spongiosum. In the female, the phallic por- 
tion produces the clitoris, the labia major and minor, and 
the hymen. 

Initially the development of the testes and ovaries is es- 


FIGURE 1.10. Development of renal pelvis. Divisions of 
ureteral bud (7); polar divisions (2); interpolar divisions 
(3); dilatation of individual branches (4); and developed 
renal pelvis (5). (Modified from Potter EL. Normal and ab- 
normal development of the kidney. Chicago: Year Book 
Medical Publishers, 1972, with permission.) 


sentially the same in both sexes. Initial development consists 
of coelomic cavity epithelial thickening, which forms the 
genital ridge. Both ovaries and testes develop from this gen- 
ital ridge. By the end of the seventh week, sex distinction is 
apparent anatomically and microscopically. 

The ovary develops from the genital ridge as a central 
mass of cells with a layer of surface epithelium, while ova de- 
velop from the central cell mass. Within the central cell mass 
is a connective tissue stroma. Each ovum develops a cover- 
ing of connective tissue resulting in rudimentary follicles, 
and these form an aggregate that becomes covered by a tu- 
nica albuginea. Caudal movement of the ovary to the uterus 
is effected by uterine adhesions that become the ovarian lig- 
ament. 

The testis develops in a similar fashion to the ovary, aris- 
ing as a central mass of cells. Within the central mass a se- 
ries of epithelial cords arise from the surface epithelium, and 
aggregation of these epithelial cords covered by surface ep- 
ithelium forms the rudimentary testes. The testis develops a 
tunica albuginea that separates the surface epithelium from 
these epithelial cords. The epithelial cords converge toward 
a hilum that becomes the rete testes, and the epithelial cords 
also develop peripherally into the seminiferous tubules. 
Residual mesonephros cells become the efferent ducts of the 
testis. The seminiferous tubules connect with these efferent 
ducts to form the functioning testis. At this stage the testis 
is attached to the posterior abdominal cavity by peritoneum. 
Peritoneal folds form the inguinal fold and inguinal crest. 
The gubernaculum testis develops within the inguinal crest 
and guides the testis and testicular vessels through the in- 
guinal canal into the scrotum. 
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CONGENITAL ANOMALIES 


UPPER URINARY TRACT ANOMALIES 
Kidney 

Renal Pelvis and Ureter 

Duplex Collecting Systems 

Anomalous Termination of the Ureter 


PRUNE BELLY SYNDROME 


LOWER URINARY TRACT ANOMALIES 
Bladder 


Urachus 

Miillerian Duct Cyst and Dilated Prostatic Utricle 
Seminal Vesicles 

Urethra 

UNDESCENDED TESTICLE 

IN UTERO ANOMALIES 


FEMALE GENITAL TRACT 


UPPER URINARY TRACT ANOMALIES 
Kidney 
Anomalies of Position 


Matlrotation. Malrotation of a normally positioned kidney 
most commonly occurs as a result of failure of rotation of 
the kidney about its vertical axis. This results in an anterior 
position of the renal pelvis. In many cases, a partial malro- 
tation is present with the renal pelvis located in an antero- 
medial position. The abnormality may be bilateral or uni- 
lateral. Under rare circumstances, overrotation of the kidney 
may result in a laterally facing renal pelvis. 

On urography, malrotation can be diagnosed when ca- 
lyces are projected medial to the renal pelvis (Fig. 2.1). 
Rarely, the appearance of a malrotated kidney may be mis- 
taken for a more significant renal abnormality, such as a me- 
dially located renal mass. Occasionally, malrotation about 
the horizontal axis of the kidney will be present. This is most 
commonly associated with a deformity of the spine and re- 
sults in a foreshortened appearance of the affected kidney. 


Renal Ectopy. As the fetal kidneys ascend from their pelvic 
position to meet the adrenal glands, each kidney acquires 
blood supply from the neighboring vessels. The initial sup- 
ply from the external and internal iliac vessels is lost during 
this process, and blood supply directly from the aorta is ac- 
quired around the eighth week of development. Any ab- 
normality in acquiring such blood supply or an associated 
abnormality of the spine may prevent cephalic migration 
from occurring. This will result in a condition known as re- 
nal ectopy or an abnormal position of the kidney. The most 
common form of simple renal ectopy is a pelvic kidney in 


which the kidney is located in the true pelvis or anterior to 
the sacrum (sacral kidney). Occasionally, the kidney may 
lie at the level of the iliac crest; such a position is termed ab- 
dominal ectopy. The reported incidence of renal ectopy 
varies between 1:500 and 1:1,200. The exact incidence is 
difficult to determine because in many cases the condition 
is clinically silent. With any congenital anomaly, the likeli- 
hood of finding other anomalies in the same or other organ 
systems is increased. Therefore, it is not unusual to find 
pelvic kidneys associated with a pathologic process such as 
hydronephrosis or vesicoureteral reflux. Clinical symptoms 
related to the presence of a pelvic kidney are usually due to 
one of its associated conditions, such as pain from obstruc- 
tion or infection related to reflux; because of the location of 
the kidney, these conditions may mimic gastrointestinal 
disease. 

The findings on urography depend on the degree of re- 
nal function in the pelvic kidney and the presence of asso- 
ciated abnormalities. When the ectopic kidney is small and 
no hydronephrosis is present, the kidney may be obscured 
by the bony pelvis. Tomography over the pelvis or an 
oblique view is frequently helpful. On rare occasions, both 
kidneys may be ectopic in the pelvis (Fig. 2.2). Computed 
tomography (CT) or ultrasound may be used to demon- 
strate a small ectopic kidney that has not been demon- 
strated on urography. On ultrasound, the reniform mass 
will be found in the pelvis with a characteristic pattern of 
renal sinus echoes. On CT, a functioning mass of renal 
parenchyma can usually be identified (Fig. 2.3). 
Angiography is customarily employed before any contem- 
plated surgical procedure on a pelvic kidney because of the 
highly variable nature of its blood supply. 


Little, Brown & Co, 1991, with permission) 


FIGURE 2.2. Bilateral pelvic kidneys. A: Excretory urography and (B) computed tomography re- 
veal both kidneys in the pelvis. (From Amis ES Jr, Newhouse JH. Essentials of uroradiology. Boston: 
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FIGURE 2.1. Malrotated kidney. A: Excretory 
urography shows the calyces of the right kidney 
projecting medial to the laterally displaced renal 
pelvis and proximal ureter. B: Computed tomog- 
raphy confirms the anterolateral position of the 
small intrarenal pelvis. 


FIGURE 2.3. Pelvic kidney. A contrast enhanced CT examination 


demonstrates the right kidney in the pelvis. 
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Intrathoracic Kidney. This.rare anomaly occurs when the 
kidney ascends to a position higher than the second lumbar 
vertebra. The kidney may reach an intrathoracic location 
through a posterior diaphragmatic aperture that may be 
congenital or acquired. The anomaly is more common in 
males and is more commonly found on the left side. The 
blood supply to an intrathoracic kidney generally arises 
from the abdominal aorta in its normal location. Congenital 
intrathoracic kidney occurs in 1:15,000 births and often is 
diagnosed by finding a posterior thoracic mass, which ap- 
pears to arise from the diaphragm on a chest radiograph 
(Fig, 2.4). 


Anomalies of Form 


Renal Agenesis. True renal agenesis is defined as the com- 
plete congenital absence of renal tissue. This condition is to 
be distinguished from acquired forms of agenesis, in which 
renal tissue develops but atrophies during development or 
during childhood because of an associated malfunction. 
Renal agenesis occurs in approximately one in 1,000 births. 
It is thought to occur as the result of failure of formation of 


the ureteral bud or because of an inherent deficiency of the 
metanephric blastema. In the latter case, partial develop- 
ment of the ureter may be present. In true agenesis, an ipsi- 
lateral absence of the trigone and ureteral orifice will be 
found in the bladder on cystoscopy. No renal artery is pre- 
sent. The colon occupies the renal fossa on the affected side, 
which may suggest the diagnosis on plain film examination 
or contrast studies of the colon; this is especially true on the 
left. The ipsilateral adrenal gland is absent in 8% to 10% of 
cases. Compensatory hypertrophy of the contralateral kid- 
ney almost always accompanies renal agenesis. This begins 
in utero and also can be found when the other kidney is 
compromised by any other process. Compensatory hyper- 
trophy may occur whenever the contralateral kidney is re- 
moved or is functionally compromised. However, the older 
the patient at the time of renal damage, the less compen- 
satory hypertrophy will occur. 

Genital abnormalities also may be associated with unilat- 
eral renal agenesis and, when present, suggest an etiology 
that also affects the mesonephric duct. In males, such ab- 
normalities include cysts of the ipsilateral seminal vesicle 
(Fig. 2.5), absence of the ipsilateral vas deferens, hypoplasia 


FIGURE 2.4. Intrathoracic kidney. A: A 
posterior thoracic mass is seen on pos- 
teroanterior and (B) lateral chest radio- 
graph. C: A thoracic kidney is confirmed 
on computed tomography. 
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FIGURE 2.5. Agenesis of the right kidney. A: Computed tomography (CT) shows bowel loops oc- 
cupying the right renal fossa and hypertrophy of the left kidney. B: Pelvic CT demonstrates a cyst 
of the right seminal vesicle (arrows). (From Sandler CM, Raval B, David C. Computed tomography 
of the kidney. Urol Clin North Am 1985;12(4):657,with permission.) 


or agenesis of the testicle, and hypospadias. In females, renal 
agenesis may be associated with a unicornuate or bicornuate 
uterus, absence or hypoplasia of the uterus, and absence or 
aplasia of the vagina (Rokitansky-Kuster-Hauser syn- 
drome). 

Bilateral renal agenesis is extremely rare and incompati- 
ble with life. Males are affected in three-fourths of the cases. 
Infants with this abnormality exhibit the characteristic fea- 
tures of Potter’s facies, which include low-set ears and a 
prominent palpebral fold. 


Renal Hypoplasia and Dysplasia. Renal hypoplasia is a 
distinctly unusual renal anomaly in which the kidney is at 
least 50% smaller than normal and typically contains fewer 
than the normal number of calyces (Fig. 2.6). The condition 
is usually unilateral, and the kidney functions normally for 
its size. Most unilaterally small kidneys are acquired because 
of chronic ischemia, reflux (chronic atrophic pyelonephri- 
tis), or long-standing obstruction (hydronephrotic atrophy). 
However, these conditions can be differentiated from hy- 
poplasia by the normal number of calyces and the fact, that 
in reflux or obstruction, the calyces are not normally 
cupped. 

The Ask-Upmark kidney (see Chapter 10) was thought 
by some to be a variant of renal hypoplasia. The kidney is 
small, predominantly because of cortical loss in the upper 
pole associated with cortical indentations. However, most 
patients also have associated reflux and infection. The Ask- 
Upmark kidney is currently thought to be caused by scar- 
ring due to chronic pyelonephritis rather than a true con- 
genital lesion. 

Renal dysplasia also results in a small kidney, but there is 
usually no function and the collecting system is grossly dis- 
torted. This condition typically results from an ectopic in- 


sertion of the ureter far from its normal location on the 
trigone. 


Supernumerary Kidney. A supernumerary kidney is ex- 
tremely rare. Cleavage of the metanephric blastema has been 
suggested as the cause for this abnormality. Most supernu- 
merary kidneys are caudally placed and are hypoplastic; they 


FIGURE 2.6. Hypoplastic kidney. Retrograde pyelography re- 
veals a diminutive kidney with fewer than the normal number of 
calyces. The calyces are normally cupped. (From Amis ES Jr, 
Newhouse JH. Essentials of uroradiology. Boston: Little, Brown & 
Co, 1991:58, with permission.) 
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may be connected to the ipsilateral dominant kidney either 
completely or by loose areolar connective tissue. A separate 
collecting system in the supernumerary kidney is generally 
present. 


Anomalies of Form 


Crossed Ectopy. Crossed ectopy is defined as a kidney lo- 
cated on the opposite side of the midline from its ureter. 
The crossed kidney usually lies below the normally situated 
kidney. In 90% of the cases, at least partial fusion between 
the kidneys is present (crossed-fused ectopy). In the remain- 
der, two discrete kidneys on the same side are present 
(crossed-unfused ectopy). Other variations of crossed ec- 
topy, including solitary crossed ectopy and bilateral crossed 
ectopy, have been described (Fig. 2.7). The anomaly is more 
common in males (2:1), and left-to-right ectopy is three 
times more common than right-to-left ectopy. Crossed- 
fused ectopy has been estimated to occur in approximately 
1:1,000 births. 

The anomaly is thought to result because of an abnor- 
mally situated umbilical artery that prevents normal 
cephalic migration from occurring; in such cases, the devel- 
oping kidney takes the path of least resistance and crosses to 
the opposite side, where cephalic migration resumes. Others 
have postulated that the abnormality occurs when the 
ureteral bud crosses to the opposite side, where it induces 
nephron formation in the contralateral metanephric 
blastema. 


CROSSED RENAL ECTOPIA 
WITH FUSION 


CROSSED RENAL ECTOPIA 
WITHOUT FUSION 


SOLITARY CROSSED 
RENAL ECTOPIA 


BILATERALLY CROSSED 
RENAL ECTOPIA 


FIGURE 2.7. Schematic drawing showing the variations of 
crossed renal ectopy. 


In most cases of crossed renal ectopy, the ureters are 
not ectopic and cystoscopy reveals a normal trigone. The 
incidence of associated congenital anomalies is low. 
Symptoms of crossed renal ectopy are rare; however, these 
patients may present in adulthood with abdominal pain, 
pyuria, or urinary tract infection. A slightly higher 
incidence of urinary tract calculi associated with crossed 
renal ectopy is thought to be related to stasis. On uro- 
graphy, the abnormality is readily detected (Fig. 2.8), 
although differentiation of the fused from the unfused 
variety may require additional imaging studies such as 
ultrasound or CT. On ultrasound, crossed-fused ectopy 
can be identified by a characteristic anterior or poste ior 
“notch” between the two kidneys (Fig. 2.9). The blood 
supply to the crossed renal unit is generally anomalons; as 
with pelvic kidney, angiography is usually recommended 
before surgical procedures. 


Horseshoe Kidney. Horseshoe kidney is the most common 
renal anomaly, occurring in approximately 1:400 births. 
There is a 2:1 male predominance. The abnormality occurs 
when the two kidneys on either side of the midline are 
connected by an isthmus. The anomaly is thought to occur 
because an abnormal position of the umbilical artery re- 
sults in disturbance of the normal pattern of cephalic 
migration. As a result, there is contact between the develop- 


FIGURE 2.8. Crossed ectopia. Both kidneys lie in the left ab- 
domen and are malrotated. 


FIGURE 2.9. Crossed-fused ectopy. Sonogram showing the 
notch (arrow) between the two kidneys. Mild dilation of the col- 
lecting system of the upper kidney is present. 


ing metanephric blastema on each side that leads to partial 
fusion. 

The isthmus of a horseshoe kidney usually consists of 
a band of parenchymal tissue that has its own blood sup- 
ply. In some cases, the band consists merely of fibrous 
tissue (Fig. 2.10A). Usually, the band joins the lower 
poles of the kidney and prevents normal rotation from 
occurring, so that on each side the renal pelvis is in an 
anterior position. Rarely, the band connects the upper 
poles rather than the lower poles. The band is usually 
located anterior to the aorta and inferior vena cava (IVC), 
but posterior to the inferior mesenteric artery, which is 
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thought to prevent further cephalad migration from oc- 
curring. Alterations in this arrangement, however, are 
common so that the position of the kidneys, their blood 
supply, their relation to the major vessels, and even the 
size of the kidney on either side is variable. Horseshoe 
kidney commonly has an associated ureteropelvic junction 
(UPJ) obstruction (Figs. 2.10B, 2.11). 

Many patients with horseshoe kidney remain asymp- 
tomatic throughout their lifetime; in the remainder of pa- 
tients, symptoms of obstruction, infection, or a renal calcu- 
lus bring the abnormality to medical attention. In some 
patients, symptoms may be thought to be referable to the 
gastrointestinal tract. 

Several investigators report that a horseshoe kidney is 
more prone to suffer injury in patients suffering blunt ab- 
dominal trauma, presumably because of its relatively less 
protected, more anterior position. 

The blood supply to a horseshoe kidney is quite var- 
iable, the majority of patients having multiple bilateral 
renal arteries (Fig. 2.12). The isthmus may be supplied 
by branches of the renal arteries or directly from the ab- 
dominal aorta, the inferior mesenteric artery, or the iliac 
arteries. 

Urographic findings (Fig. 2.13) in patients with horse- 
shoe kidneys include: (a) an abnormal axis for each kidney 
with the lower poles more medially located than the upper 
poles; (b) the kidneys being found in a somewhat more cau- 
dad position; and (c) a bilateral malrotation with the renal 
pelves in an anterior position so that the lower calyces are 
projected in a more medial position than the proximal 
ureter. The isthmus may be visualized if it is composed of 
functioning renal tissue. 


FIGURE 2.10. Horseshoe kidney. A: Radionuclide examination using technetium-99m diethylen- 
etriaminepentaacetic acid (°°"Tc-DTPA) showing that the isthmus of the kidney is not composed 
of functioning renal tissue. B: Delayed image shows an accumulation of tracer within the pelvis 
of the left kidney consistent with an associated ureteropelvic junction obstruction. 


FIGURE 2.11. Horseshoe kidney with left ureteropelvic junction obstruction. A: Excretory urog- 
raphy reveals function only on the right. The axis of the right kidney is reversed suggesting a 
horseshoe kidney. B: Computed tomography reveals severe hydronephrosis of the left portion of 
the horseshoe kidney with only a thin rim of functioning parenchyma remaining. 


FIGURE 2.12. Horseshoe kidney. A: Intraarterial digital subtraction angiogram demonstrates 
that multiple renal arteries supply the kidney, all of which arise from the abdominal aorta. B: 
Nephrogram phase showing persistent fetal lobulation in the kidney. 


FIGURE 2.13. Horseshoe kidney. Typical urographic finding in a FIGURE 2.14. Horseshoe kidney. Computed tomography clearly 
horseshoe kidney where the isthmus is composed of functioning demonstrates the isthmus. 
rena! tissue. 


On CT (Fig. 2.14), the isthmus of a horseshoe kidney is 
usually easily identified. CT also is helpful in defining the 
relationship of the kidney to the major vessels. 


Other Fusion Anomalies. A variety of other fusion abnor- 
malities may occur much less commonly than crossed renal 
ectopy. These include the donut kidney, a kidney that is 
joined medially at its poles to form a ring-like renal mass. 
The lump, or pancake, kidney is a rare abnormality marked 
by extensive fusion between the two renal masses. The kid- 
ney is found in the midline or slightly to one side, generally 
no higher than the sacral promontory. The renal pelves are 
anterior and drain separate portions of the kidney. The 
ureters generally do not cross. 


Renal Pelvis and Ureter 
Unipapillary Kidney and Polycalicosis 


The normal human intrarenal collecting system typically 
has 10 to 14 calyces. The kidneys in many mammals, in- 
cluding the dog, cat, sheep, rabbit, monkey, and rat, contain 
only a single papilla. On rare occasions, a unipapillary kid- 
ney (as this condition is called) can be found in humans, 
usually associated with other significant anomalies, such as 
ipsilateral hypoplasia and frequent abnormalities of the con- 
tralateral kidney. Conversely, polycalycosis (also known as a 
multiplicity of calyces) signifies an increased number of ca- 
lyces; this is usually an isolated finding in an otherwise nor- 
mal kidney. 


Congenital Megacalyces 


Many investigators believe that congenital megacalyces, also 
known as megacalycosis, is an acquired condition. The ca- 
lyces are all symmetrically enlarged, although the renal 
pelvis and ureter are of normal size (Fig. 2.15). 


FIGURE 2.15. Congenital megacalyces. Urogram shows diffuse 
enlargement of calyces in the left kidney. The left renal pelvis is 
not dilated. 
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Furthermore, there is no history to suggest previous ob- 
struction or reflux. Involvement is almost always unilateral, 
and the kidney is typically normal in size and functions well. 
While megacalyces may be congenital, clinically silent ob- 
struction or reflux in the distant past, perhaps even during 
fetal life, may be the cause. Another factor that favors an ac- 
quired etiology is the fact that congenital megacalyces are 
typically seen in adults. 


Abortive Calyx 


An abortive calyx is small and may arise from a renal pelvis 
or infundibulum; however, it is also abnormally formed. 
Instead of the delicately cupped calyx seen in either the nor- 
mal or microcalyx, an abortive calyx has a blunt termination 
and may be broader than it is tall. It is most often found near 
the base of the upper pole infundibulum, and only one 
abortive calyx is seen in a kidney. 


Microcalyx 


A microcalyx resembles a normal calyx in every way but size 
(Fig. 2.16). It may arise from the renal pelvis or an in- 
fundibulum, and ends at a papillary tip. The microcalyx is 
formed normally with a fornix and tubules draining into it. 


Aberrant (Ectopic) Papilla 


Most renal papilla empty into a minor calyx. In the renal po- 
lar regions, where compound calyces are common, several 
papillae may empty side by side into a major calyx. Rarely, 
a papilla may have an aberrant insertion into the collecting 


FIGURE 2.16. Microcalyx. A small, but otherwise normal ap- 
pearing calyx (arrow) is seen in the upper pole. 
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system and may present as a filling defect that must be dif- 
ferentiated from stones, tumors, or other pathologic pro- 
cesses. The aberrant papilla can protrude into virtually any 
part of the collecting system surrounded by renal 
parenchyma, including an infundibulum or the intrarenal 
portion of the renal pelvis. The resultant finding on excre- 
tory or retrograde pyelography is a smooth round or ovoid 
lucent defect in the contrast-filled collecting system (Fig. 
2.17). The smooth border and fixed location on a margin of 
the collecting system tend to differentiate the finding from 
a tumor or stone. Oblique views may show the extrinsic ori- 


gin of the papilla. 


Ureteropelvic Junction Obstruction and 
Congenital Megaureter 


Although occurring at either end of the ureter, ureteropelvic 
junction (UPJ) obstruction and congenital megaureter are 
discussed together because of their histologic and physio- 
logic similarities. Both conditions are caused by a deficiency 
and derangement of the ureteric smooth muscle fibers with 
associated fibrosis, resulting in a failure of normal peristalsis 
in the affected segment and subsequent functional obstruc- 
tion. Congenital obstruction of the UPJ is a common 
anomaly of the urinary tract. The disorder produces caliec- 
tasis and marked pelviectasis as a result of a functional nar- 
rowing of the UPJ. Secondary UPJ obstruction due to an 
acquired disorder of the renal pelvis or vesicoureteral reflux 
will not be considered in this section. 


FIGURE 2.17. Ectopic papilla. A smooth ovoid filling defect (ar- 
row) in an infundibulum is seen on an excretory urogram. 


In approximately 5% of cases, extrinsic compression of 
the UPJ by an aberrant renal artery can result in a similar ra- 
diographic pattern (Fig. 2.18). 

Congenital UPJ obstruction is the most common cause 
of an abdominal mass in a neonate. The disorder is being 
discovered increasingly in the antenatal period because of 
the almost routine use of obstetric ultrasound. In a signifi- 
cant number of cases, however, the abnormality is clinically 
silent until adulthood, when hematuria, flank pain, fever, 
or, rarely, hypertension cause the patient to seek medical at- 
tention. Cases in which presentation has been delayed well 
into the sixth or seventh decade have been reported. In some 
patients, the finding is coincidental on studies performed 
for other disease. Males are affected more often than females 
by a 2:1 ratio, and the left side is more commonly affected 
than the right for unknown reasons. A familial tendency to- 
ward the disorder also has been reported. 

In some cases, symptoms may only be present in the set- 
ting of a sustained diuresis, a condition that has become 
known as “beer-drinker’s hydronephrosis.” Such cases have 
been attributed to a very mild form of UPJ obstruction, 
such that under conditions of normal urine volumes the 
UPJ is compensated. Urograms made while such a patient is 
asymptomatic may show only an extrarenal pelvis; the use of 
a diuretic renogram or a urographic study during acute 
symptoms has been advocated to demonstrate the underly- 
ing abnormality. 

On urography, a dilated renal pelvis and calyces will be 
demonstrated. Because of the dilation, slow opacification of 
the affected side is the rule and delayed radiographs are usu- 
ally necessary to demonstrate that the UPJ is, in fact, the 
point of obstruction (Fig. 2.19). With long-standing or very 
high-grade obstruction, a virtually nonfunctioning kidney 
may be present. The renal pelvis may be markedly dilated; 
in fact, when the dilated renal pelvis has a capacity greater 
than one liter, the term “giant hydronephrosis” applies. In 
rare instances, giant hydronephrosis can occupy almost the 
entire abdomen, extending well across the midline. 

The UP] itself may be difficult to visualize; in some cases, 
it appears to join the renal pelvis in a higher or more medial 
position. Care must be taken to differentiate a true UPJ ob- 
struction from a large extrarenal pelvis (Fig. 2.20). In the 
latter case, the renal pelvis may appear quite dilated; how- 
ever, in the absence of caliectasis, the diagnosis of UPJ ob- 
struction should not be entertained. Variable filling of the 
ureter may occur distal to the UPJ. When there is significant 
kinking of the UPJ, the possibility that the obstruction is 
secondary to an aberrant vessel should be considered. 

When there is insufficient contrast excretion on urogra- 
phy or when the ureter itself is not visualized, the diagnosis 
may be established by antegrade or retrograde pyelography. 
The former is preferred as a predecessor to percutaneous 
nephrostomy; the latter may be performed to confirm the 
diagnosis immediately before a contemplated surgical pro- 
cedure because a retrograde injection into an obstructed sys- 
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FIGURE 2.18. Ureteropelvic junction obstruction. A: Radiograph from an excretory urogram 
demonstrates a dilated renal pelvis and caliectasis. B: On retrograde pyelography, a “kink” in the 
proximal ureter is clearly demonstrated. At surgery, an aberrant lower pole renal artery was 


found. 


FIGURE 2.19. Ureteropelvic junction obstruction. A: Ten-minute film from an excretory urogram 
demonstrating dilated calyces with delayed opacification of the remainder of the collecting sys- 
tem. B: Twenty-four-hour delayed radiograph shows a markedly dilated renal pelvis. 
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FIGURE 2.20. Dilated extrarenal pelvis. Retrograde pyelogram 
showing a dilated extrarenal pelvis. Note that the calyces are not 
dilated, which helps to differentiate this condition from true 
ureteropelvic junction obstruction. Mild fullness of the ureter 
secondary to pregnancy dilation also is present. 


tem may introduce infection. Some authorities advocate 
voiding cystourethrography in all patients with suspected 
UP] obstruction to exclude vesicoureteral reflux as a cause of 
the renal pelvic dilation, especially if there is any dilation of 
the ureter below the UPJ. 

On ultrasound (Fig. 2.21), hydronephrosis associated 
with a very dilated renal pelvis may be readily identified. 
This finding, in association with the inability to demon- 
strate a dilated ureter, suggests the diagnosis of UPJ ob- 
struction with a high degree of certainty. The diagnosis also 
may be suggested by CT; however, such studies are rarely in- 
dicated or necessary in uncomplicated UP] obstruction. 

In patients with equivocal UPJ obstruction, or in cases 
where there is a discrepancy between the patient’s clinical 
symptoms and the radiologic findings, diuresis renography 
or the Whitaker procedure may be employed to assess 
whether functionally significant obstruction is present (see 
Chapter 16). 

Pyeloplasty has been considered the treatment of choice 
for UPJ obstruction. Recently, however, the use of percuta- 
neous nephrostomy followed by balloon pyeloplasty or by 
endoscopic endopyelotomy has been reported as a primary 
procedure and as a secondary procedure in patients in whom 
surgical therapy has failed. While success rates of up to 85% 
have been reported with endopyelotomy, pyeloplasty con- 
sistently corrects the defect in 85% to 90% of patients. 
Endopyelotomy probably should not be used in infants and 
has a higher failure rate in patients with extremely redun- 
dant renal pelves or long UPJ strictures. 


FIGURE 2.21. Ureteropelvic junction obstruction. A: Excretory urogram and (B) sonogram 
demonstrate a ureteropelvic obstruction in the lower pole moiety of a duplicated renal collecting 


system. 


Congenital megaureter, as noted above, is a functional 
obstruction of the distal ureter. Typically, approximately 2 
cm of the ureter just above the ureteral orifice is involved 
and this abnormal segment is usually of normal caliber. 
However, the ureter proximal to this improperly function- 
ing segment is variably dilated. It is not unusual to see this 
dilation involving only the distal one-third of the ureter, al- 
though if the obstruction is severe enough, significant hy- 
dronephrosis may occur. As with UPJ obstruction, a nor- 
mal-sized ureteral catheter can be easily passed through the 
abnormal ureteral segment. Thus, this narrowing is not an 
anatomic stricture, but rather is a failure of the abnormal 
ureteral segment to undergo normal peristalsis. Treatment 
for severe cases includes excision of the abnormal distal seg- 
ment, surgical tapering of the dilated “normal” ureter, and 
reimplantation of the tapered ureter into the bladder using 
antirefluxing techniques (see Chapter 16). 


Circumcaval Ureter 


While most deviations of the ureter are caused by pathologic 
processes in the retroperitoneum, one congenital anomaly, 
circumcaval ureter, results in a pathognomonic ureteral 
course. The IVC develops embryologically from persisting 
portions of the posterior cardinal, subcardinal, and supra- 
cardinal veins. Normally, the suprarenal IVC derives from 
the right subcardinal vein, and the infrarenal IVC derives 
from the right supracardinal vein. Circumcaval ureter re- 
sults when the supracardinal vein persists and forms the ma- 
jor portion of the vena cava. Embryonically, the subcardinal 
vein lies ventral to the ureter (Fig. 2.22). The right ureter is 
carried medially by the migration of the subcardinal vein to- 
ward the developing IVC. Symptoms of circumcaval ureter, 
if any, relate to the degree of ureteral obstruction. 

The typical pattern on urography is a tortuous, dilated 
proximal right ureter and associated hydronephrosis. The 
course of the proximal ureter is described as having a “re- 
verse J” configuration before it crosses behind and around 
the IVC and then descends medial to the ipsilateral lumbar 
pedicle (Fig. 2.23A). This severe medial deviation is the 
hallmark of circumcaval ureter. Confirmation of the diag- 
nosis can be made with CT, which shows the ureter passing 
posterior and medial to the IVC (Fig. 2.23B,C). 


Duplex Collecting Systems 


Duplication of the collecting system may be partial or com- 
plete. Partial duplication is the most frequently occurring 
congenital anomaly in the urinary tract. The duplex collect- 
ing system and its related abnormalities can result in some 
of the most complicated patterns detected on imaging stud- 
ies in both children and adults. 

The autopsy incidence of partial duplication is approxi- 
mately 1 in 150 cases, while complete duplication is found 
approximately once in every 500 cases. However, the inci- 
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FIGURE 2.22. Embryology of circumcaval ureter. A: Embryologic 
condition, with ureter winding among three cardinal veins. B: 
Normal development of vena cava, with infrarenal portion aris- 
ing from the supracardinal vein that lies under ureter. C: 
Circumcaval ureter develops when the infrarenal portion of the 
vena cava develops from the subcardinal vein, which in embry- 
onic life is ventral to the ureter. (Modified from Fig. 9-195 in 
Witten DM, Myers GH, Utz DC, eds. Emmett’s clinical urography, 
Ath ed. Philadelphia: WB Sanders Co., 1977:678, with permission). 


dence in clinical series for this anomaly is up to six times 
higher, probably reflecting the likelihood for this anomaly 
to produce symptoms. Complete duplications are bilateral 
in up to 20% of cases. 


Embryology 


The ureter forms as a bud from the mesonephric duct (Fig. 
2.24). The normal kidney is formed when this bud invagi- 
nates the metanephric blastema and, through multiple 
branchings, forms the collecting system and distal collecting 
ducts. Partial duplication results from the branching of the 
ureteral bud before it connects with the metanephric 
blastema. The point at which the ureteral bud branches will 
determine the level at which the two ureters join; this bifur- 
cation may occur anywhere from the bladder wall to the re- 
nal pelvis. The latter will result in a bifid renal pelvis. On rare 
occasions, the single ureteral bud may trifurcate or may even 
branch into four or five segments before meeting the 
metanephric blastema, resulting in multiplication of the renal 
pelvis. Another variation occurs when one branch of a par- 
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FIGURE 2.23. Retrocaval ureter. A: Retrograde pyelography shows moderate right hy- 
dronephrosis with the characteristic “reversed J” appearance of the proximal ureter. The mid- 
portion of the ureter is medial to one lumbar pedicle. (From Amis ES Jr, Newhouse JH. Essentials 
of uroradiology. Boston: Little, Brown & Co, 1991:63, with permission.) B: Computed tomography 
at the level of the lower pole of the right kidney shows the dilated proximal right ureter (u) lat- 
eral to the inferior vena cava (/VC). C: A section slightly lower reveals the ureter sweeping medi- 


ally behind the inferior vena cava (arrow). 


tially duplicated system fails to reach the kidney and becomes 
a blind-ending stump connected to the functional ureter 
(Fig. 2.25). This branch is sometimes short and is referred to 
as a ureteral diverticulum. However, because all layers of the 
ureteral wall are present, this branch is not a diverticulum and 
is more properly termed a blind-ending ureteral bud. 
Complete duplication of the ureter occurs when two sep- 
arate buds arise from the mesonephric duct. These buds in- 
vaginate the metanephric blastema separately, resulting in 
formation of separate upper and lower intrarenal collecting 
systems. Each of these systems is known as a moiety, and 
each is drained by a separate ureter. As the mesonephric duct 
migrates caudally during embryonic life, the ureter from the 
lower moiety is deposited near its expected normal location 
in the bladder, and its ureterovesical junction is therefore 
usually close to its normal position on the trigone. The 
ureter from the upper moiety remains attached to the 
mesonephric duct longer during its caudal migration, and 
eventually connects with the bladder inferiorly and medi- 
ally. The Meyer-Weigert law states that the ureter from the 


upper moiety will enter the bladder inferiorly and medially 
(the ectopic ureter) in relation to the ureter draining the 
lower moiety (the orthotopic ureter). 


MEYER-WEIGERT LAW 


Upper moiety 
medially to r moiety ureter. 


The majority of complete and incomplete duplications 
are associated with normal function, and thus, are inciden- 
tal findings on urography. Typically, the upper moiety is the 
smaller of the two, containing only two or three calyces on 
average. This moiety drains approximately 25% of the kid- 
ney. On rare occasions, this configuration can be reversed. 
In cases of incomplete duplication the point at which the 
two proximal ureters join can actually occur in the bladder 
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FIGURE 2.24. Embryology of duplex collecting systems. (From Amis ES Jr, Newhouse JH. Essentials 
of uroradiology. Boston: Little, Brown & Co, 1991:258, with permission.) 


FIGURE 2.25. Ureteral diverticulum. Oblique film demonstrates 
origin of a ureteral diverticulum from the junction of the middle 
and distal thirds of the left ureter. 


28 Textbook of Uroradiology 


wall. In these cases, it may be impossible to differentiate par- 
tial from complete duplication without cystoscopic evalua- 
tion to determine whether there are one or two orifices on 
the side in question. In uncomplicated complete duplica- 
tions, the two orifices usually enter the bladder adjacent to 
each other in a relatively normal position on the trigone. On 
ultrasound, a duplication may be demonstrated on longitu- 
dinal scans as two distinct groups of renal sinus echoes. 
Some investigators have reported, however, that this finding 
may be absent in a significant number of cases. 
Uncomplicated duplication may be difficult to demonstrate 
on CT because of the cross-sectional nature of the tech- 
nique. Often, the two ureters may be demonstrated on cau- 
dal sections, but no one section will demonstrate both renal 
pelves. Scans obtained through the junction of the upper 
and lower pole moieties (Fig. 2.26), however, will demon- 
strate an absence of collecting system elements or renal sinus 
fat. This feature has been termed the “faceless kidney” and 
may help identify duplication even in the absence of con- 
trast enhancement. 

Three distinct abnormalities of the termination of the 
ureters in complete duplications can result in significant 
pathologic changes in the duplicated kidney: maldevelop- 
ment of the valve mechanism at the ureterovesical junction of 
the lower pole ureter (resulting in reflux); ectopic insertion of 
the upper pole ureter outside the bladder; and ectopic urete- 
rocele also involving the ureter draining the upper moiety. 


CAUSES OF PATHOLOGY IN COMPLETELY 
DUPLICATED KIDNEYS 


m Maldeveloped valve mechanism of lower moi- 
ety ureter —> reflux 

m Ectopic extravesical insertion of upper moiety 
ureter —> obstruction 

m Ectopic ureterocele involving upper moiety 
ureter — obstruction 


Maldevelopment of the Valve Mechanism of the 
Lower Pole Ureter 


Improper development of the valve mechanism at the 
ureterovesical junction involves the orifice of the ureter 
draining the lower pole moiety. This orifice may be slightly 
above and lateral to its normal position on the trigone. 
Because of this abnormal location, there is shortening of the 
submucosal tunnel for the distal ureter, and thus, a more di- 
rect course through the bladder wall, a condition that facil- 
itates reflux. The incidence of reflux into the lower moiety 
in complete duplications is significantly higher than for a 


FIGURE 2.26. Duplicated collecting system on left. A computed 
tomography scan between the two renal pelves has been de- 
scribed as a “faceless kidney.” 


single collecting system. Reflux into the lower moiety is the 
most common abnormality associated with complete dupli- 
cations. 

Radiographically, reflux can be demonstrated by voiding 
cystourethrography. The spectrum of radiographic appear- 
ances ranges from reflux into a nondilated, normal-appear- 
ing lower pole collecting system to massive dilation of the 
lower moiety with complete loss of function. In addition, 
one usually finds reflux nephropathy, including focal or dif- 
fuse lower pole renal scarring with clubbing of the underly- 
ing calyces (Fig. 2.27). 


Ectopic Insertion of the Ureter 


Another major abnormality associated with complete du- 
plication is ectopic insertion of the ureter draining the up- 
per pole. Typically, the insertion is extravesical in location, 
resulting in obstruction and possible dysplasia of the upper 
moiety. More than two-thirds of all extravesical ectopic 
ureteral insertions are associated with complete duplication. 
Figure 2.28 illustrates the sites of extravesical ectopic 
ureteral insertion. Remnants of the embryonic mesonephric 
duct can be found in the walls of the vagina, uterus, and 
broad ligaments in approximately one-fourth of all adult fe- 
males. These vestigial structures explain the ectopic inser- 


FIGURE 2.27. Reflux nephropathy in lower pole of a completely 
duplicated system. A nephrotomogram obtained during excre- 
tory urography reveals duplication on the right. The lower pole 
calyces are clubbed and there is loss of parenchyma. Note the 
normal appearance of the right upper pole. 
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tion of the ureter into these female reproductive organs. In 
the male, ectopic insertion of the ureter into the vas defer- 
ens and seminal vesicles is easily explained by the fact that 
these organs are derived from the mesonephric duct, which 
also gives rise to the ureter. Ectopic ureters terminating out- 
side the urinary tract tend to obstruct the upper pole moi- 
ety. Generally speaking, the more distal the ectopic orifice, 
the more dysplastic the upper moiety it drains. 

Clinically, extravesical ectopic ureters in females are com- 
monly beyond sphincter control, resulting in continual 
dribbling incontinence of urine. This is not the case in 
males, because all ectopic orifices occur above the level of 
the external urethral sphincter. In males, a typical clinical 
presentation is chronic or recurrent epididymitis due to ec- 
topic insertion of the ureter into the ipsilateral vas deferens 
or seminal vesicle. 

Urographic findings range from an easily visualized di- 
lated upper pole collecting system to complete nonvisualiza- 
tion of the upper moiety (Fig. 2.29). The presence of a non- 
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FIGURE 2.28. Sites of extravesical insertions of the up- 
per moiety ureter in completely duplicated collecting 
systems. (From Amis ES Jr, Newhouse JH. Essentials of 
uroradiology. Boston: Little, Brown & Co, 1991:261, 
with permission.) 
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FIGURE 2.29. Bilateral duplication. There is mild blunting of ca- 
lyces in the upper pole of the right kidney. The left upper pole 
moiety is hydronephrotic, creating a “drooping lily” appearance 
of the lower pole moiety. 


functioning upper pole collecting system often can be in- 
ferred from the appearance of the visualized lower moiety. 
In these cases, the lower collecting system will usually ex- 
hibit reversal of its normal axis, fewer than the normal num- 
ber of calyces expected for a nonduplicated kidney, and lat- 
eral deviation of the proximal ureter due to the medial 
location of the dilated ureter from the nonfunctioning up- 
per pole. The appearance of the lower collecting system has 
been termed the “drooping lily” sign. 

In patients in whom a nonfunctioning obstructed upper 
moiety is suspected, ultrasound typically shows an echo-free 
cystic area in the medial upper pole of the kidney (Fig. 
2.30A). This represents the dilated upper collecting system, 
and its dilated ureter often can be traced distally to its inser- 
tion (Fig. 2.30B). CT also can demonstrate the hy- 
dronephrotic upper moiety and its dilated ureter. If neces- 


sary, antegrade pyelography usually delineates the anatomy 
of the ectopic insertion. In some cases, the ectopic orifice 
can be identified and catheterized, and retrograde studies 
can be performed. Voiding cystourethrography should be 
performed in all cases of duplication in which pathology is 
suspected because it may demonstrate reflux into either 
moiety. 


Ectopic Ureterocele 


A ureterocele is a focal dilation of the submucosal portion of 
the distal ureter. Ureteroceles may be orthotopic (simple) or 
ectopic. An orthotopic ureterocele is associated with a single 
collecting system and is discussed in the next section (see 
Anomalous Termination of the Ureter). Virtually all ectopic 
ureteroceles are associated with ipsilateral complete duplica- 
tion. The ureterocele is always associated with the ureter 
from the upper moiety. This dilation may extend to the 
bladder neck or even into the posterior urethra (Fig. 2.31). 
Approximately one-half of all ectopic ureteroceles terminate 
within the bladder, where they may be associated with vesi- 
coureteral reflux into the lower pole moiety. The majority, 
however, have stenotic orifices that do not reflux, but are as- 
sociated with hydronephrosis of the upper pole. Ectopic 
ureteroceles also may course submucosally through the 
bladder neck and may terminate in the posterior urethra, 
where a widely patent orifice is the rule rather than the ex- 
ception. This latter ureterocele often refluxes during void- 
ing, but is obstructed when the patient is not voiding be- 
cause it empties into the normally closed urethra. Overall, 
almost one-half of ureteroceles may demonstrate reflux dur- 
ing cystourethrography, at least during voiding. 

As with ectopic ureteral insertions, ectopic ureteroceles 
may be associated with little or no function of their associ- 
ated ipsilateral upper pole collecting systems, or obstruction 
by the ureterocele may be mild, allowing good visualization 


FIGURE 2.30. Ectopic ureteral insertion in a completely duplicated system. A: Sonography shows 
an echo-free mass in the upper pole of the right kidney. B: The dilated ureter can be seen coursing 
behind the bladder on the right in this transverse sonogram through the pelvis. (From Amis ES Jr, 
Newhouse JH. Essentials of uroradiology. Boston: Little, Brown & Co, 1991:262, with permission.) 


A 


FIGURE 2.31. Diagram of types of ectopic ureteroceles. A: 
Approximately one-half of ectopic ureteroceles terminate in the 
bladder. B: The remainder of ectopic ureteroceles extend 
through the bladder neck and terminate in the proximal urethra. 
(From Amis ES Jr, Newhouse JH. Essentials of uroradiology. 
Boston: Little, Brown & Co, 1991:263, with permission.) 


of the upper moiety. Because of their size and location, large 
ectopic ureteroceles may distort the ipsilateral lower pole 
ureteral orifice, and thereby may increase the incidence of 
reflux into the lower moiety. Conversely, large ectopic 
ureteroceles may directly compress and obstruct the ipsilat- 
eral lower pole orifice. In fact, an ectopic ureterocele may be 
large enough to extend across the midline and obstruct the 


FIGURE 2.32. Ectopic ureterocele with minimal obstruction. An 
excretory urogram reveals complete duplication on the right 
with minimal dilation of the upper pole moiety. The dilated 
ureter from the right upper pole can be seen terminating in a 
round ectopic ureterocele clearly defined within the bladder. 
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contralateral ureteral orifice or prolapse into the bladder 
neck with subsequent bladder outlet obstruction. 

An ectopic ureterocele typically presents during urogra- 
phy or cystography as a smooth, rounded, or ovoid filling 
defect in the bladder (Fig. 2.32). While ectopic ureteroceles 
tend to be laterally oriented, if large enough, they can be 
midline. Ectopic ureteroceles may range in size from 1 cm 
to several centimeters in diameter. 

Urographic upper tract findings in completely dupli- 
cated systems complicated by either ectopic ureteral inser- 
tion or an ectopic ureterocele tend to be identical, as both 
abnormalities affect the upper moiety, often resulting in di- 
lation and nonfunction (Fig. 2.33). Therefore, ultrasono- 
graphic and CT (Fig. 2.34) findings will be similar to those 
described in earlier paragraphs for ectopic ureteral insertion. 
If it is difficult to determine the pathologic change involv- 
ing the distal ureter, antegrade pyelography via the non- 
functioning dilated upper pole system will allow opacifica- 
tion of the entire pathologic drainage. Unlike ectopic 
insertion of the ureter, in which the dilated distal ureter is 
seen coursing posteriorly or laterally to the bladder, pelvic 
sonography for ectopic ureterocele will demonstrate a thin 
septation in the bladder representing the distended uretero- 
cele. 


Anomalous Termination of the Ureter 


The anomalies involving the termination of the ureter have 
been discussed to large degree in the above sections on pri- 
mary megaureter and ureteral duplications. However, or- 
thotopic ureterocele, ectopic ureteral orifice, and reflux can 


FIGURE 2.33. Similar upper urinary tract changes caused by ec- 
topic insertion and ectopic ureterocele in completely duplicated 
systems. A: Ectopic insertion into the urethra results in upper 
moiety hydronephrosis with an associated dilated ureter. B: An 
ectopic ureterocele can result in identical upper urinary tract 
changes. (From Amis ES Jr, Newhouse JH. Essentials of uroradiol- 
ogy. Boston: Little, Brown & Co, 1991:265, with permission.) 
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FIGURE 2.34. Complete duplication with obstructed upper moi- 
ety due to ectopic ureterocele. A: Section through kidney shows 
cystic mass in the upper pole of the right kidney. B: Section 
through lower moiety shows the nonopacified and dilated upper 
moiety ureter (arrow) posterior to the renal pelvis of the lower 
moiety. C, D: Sections through the midabdomen and pelvis show 

101 the normal-sized opacified moiety ureter. E: Section through 

0.0 bladder shows the ectopic ureterocele as a water attenuation 
basch 01: 06: 60..P%/ 08 00 bulge in the posterior portion of the opacified bladder. 
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FIGURE 2.35. Excretory urogram showing bilateral simple urete- 
roceles with classic “cobra head” appearance. 


occur in nonduplicated systems and deserve further brief 
discussion. 


Ureterocele 


Orthotopic ureteroceles occur in normal position on the 
trigone and also are known as simple or adult-type uretero- 
celes. The etiology of both orthotopic and ectopic uretero- 
celes is probably the same, although there is no well-defined 
theory regarding how they are formed. The remainder of 
this discussion deals with orthotopic ureteroceles. 
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During excretory urography, the orthotopic ureterocele 
is seen as a “cobra head” or “spring onion” deformity of the 
distal ureter protruding into the bladder lumen in the region 
of the trigone (Fig. 2.35). If the ureter is opacified with con- 
trast, the central portion of the ureterocele also is opacified 
in continuity with the remainder of the ureter, but is sur- 
rounded by a lucent rim, representing the bladder mucosa 
around the ureterocele (Fig. 2.36). There is typically very lit- 
tle or no obstruction, although on rare occasions the urete- 
rocele may cause rather severe upper tract dilation. 


Ectopic Ureteral Insertion 


An ectopic ureter is defined as a ureter that does not termi- 
nate in the normal location on the trigone of the bladder. By 
convention, the term is used to define a ureter that opens 
outside the urinary bladder. Eighty percent of ectopic 
ureters are found in association with complete duplication 
of the ureter. The anomaly is more common in female pa- 
tients by a 6:1 ratio. In male patients, however, the major- 
ity of ectopic ureters drain single systems. With ectopic in- 
sertion of a nonduplicated ureter, an absent hemitrigone 
will be found in the bladder on the side of ectopic insertion. 
The possible sites of ectopic insertion have been previously 
discussed in the section on ureteral duplication. The more 
distal the insertion (e.g., into the seminal vesicle in the 
male), the more dysplastic the ipsilateral kidney (Figs. 2.37, 
2.38). In such cases, there will be minimal, if any, kidney 
function. For more proximal extravesical insertions, such as 
into the posterior urethra, obstruction and reduced function 
of the involved kidney will be the predominant finding. 


FIGURE 2.36. A: Oblique supine view of excretory urogram showing large simple ureterocele 
containing contrast medium. The distal one-third of the left ureter is slightly dilated. B: Same pa- 
tient. Upright prevoid film showing ureterocele has filled with contrast medium. The layer of mu- 
cosa surrounding the ureterocele is radiolucent. 


FIGURE 2.37. Dysplastic kidney with ureter ectopically inserting into seminal vesicle. A: 
Computerized tomography (CT) shows thick-walled cystic structure in region of left seminal vesi- 
cle. B: CT section at level of kidneys shows a compensatorily enlarged right kidney and only a 
tubular structure on the left. No left renal tissue was seen. C: Seminal vesiculogram performed by 
catheterizing the ejaculatory duct shows an enlarged seminal vesicle and contrast opacifying a di- 
lated, tortuous left ureter with no identifiable collecting system at its cephalad extent. 


Dysplastic 
renal tissue 


FIGURE 2.38. Diagram showing simi- 
3 larities between (A) seminal vesicle cyst 
Cystic enlargement associated with ipsilateral renal agene- 
of seminal vesicle sis and (B) dysplastic kidney with ureter 
ectopic to the seminal vesicle. 


Seminal 
Vesicle Cyst 


Vesicoureteral Reflux 


The normal ureterovesical junction acts as a one-way valve 
that allows urine to flow freely from the ureter into the blad- 
der, but prevents reverse flow. The ureter traverses the blad- 
der wall at a slightly oblique angle and then courses submu- 
cosally for approximately 2 cm to the ureteral orifice. As the 
bladder fills, the intravesical pressure is exerted on the wall 
of the bladder equally in all directions; this results in pres- 
sure on the bladder epithelium overlying the submucosal 
ureter and subsequent flattening of this portion of the ureter 
against its muscular backing, preventing reflux. This flat- 
tening, however, does not prevent normal ureteral peristal- 
sis from propelling a bolus of urine from the ureter into the 
bladder as long as bladder pressure remains within normal 
limits. 

If the course of the ureter through the bladder wall is 
more direct, and if the submucosal course is shortened, this 
valve mechanism fails to function properly, and vesi- 
coureteral reflux occurs. The hydrostatic effect of reflux 
alone can result in reflux atrophy of the kidney. However, 
intrarenal reflux of urine can occur, resulting in reflux 
nephropathy, a combination of clubbed calyces and overly- 
ing parenchymal scarring. This is also known as chronic at- 
trophic pyelonephritis. These findings tend to occur in the 
renal polar regions. The presence of compound calyces in 
these areas is believed to facilitate reflux into the collecting 
ducts. Normally, duct orifices on the papillae have an an- 
tirefluxing configuration; but in compound calyces, this 
configuration is distorted, allowing the intrarenal reflux to 
occur. 


PRUNE BELLY SYNDROME 


PRUNE BELLY SYNDROME 


m Deficient abdominal musculature 
m Dilated ureters 
m Undescended testes 


Prune belly syndrome (Eagle-Barrett syndrome) is a rare 
congenital syndrome characterized by the classic triad of ab- 
sent abdominal musculature, undescended testicles, and uri- 
nary tract abnormalities initially described in the late nine- 
teenth century. Although absence of abdominal 
musculature has been described in females, the full syn- 
drome, including the urinary tract abnormalities, only de- 
velops in males. 

Clinically, the syndrome is recognizable at birth because 
of the characteristic features produced by the absent ab- 
dominal musculature (Fig. 2.39). The deficiency typically 
affects the lower abdominal wall; the upper abdomen has a 
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FIGURE 2.39. Prune belly syndrome. An abdominal radiograph 
of a newborn with prune belly syndrome shows bulging of the 
flanks as a result of the absence of abdominal musculature. 


normal appearance. In some cases, the muscular defect is 
partial or asymmetric. The overlying skin has a wrinkled ap- 
pearance reminiscent of a prune; in older children, the wrin- 
kling tends to disappear and is replaced by a “potbelly” ap- 
pearance. The precise cause of the syndrome has been a 
matter of dispute; some authorities believe that the dis- 
tended urinary tract secondary to outlet obstruction pre- 
vents abdominal muscle development. Others have postu- 
lated that prostatic dysgenesis and transient neonatal ascites 
are responsible; still others believe that the urinary tract ab- 
normalities and the abdominal wall defect are secondary to 
a mesodermal deficiency. 

The urinary tract abnormalities affect the kidneys, the 
ureters, the bladder, and the urethra. Although the kidneys 
may be normal, renal dysplasia or hydronephrosis often is 
described. The findings in the kidneys may be asymmetric, 
with a normal renal unit on one side while the opposite kid- 
ney is dysplastic. The ureters tend to be tortuous and dilated 
(Fig. 2.40A), most often in a segmental distribution. 
Vesicoureteral reflux is common. The ureteral abnormalities 
have been attributed to a deficiency of smooth muscle. The 
bladder is typically very large and may be associated with a 
patent urachus. The prostatic urethra is characteristically di- 
lated and tapers rapidly at the membranous urethra (Fig. 
2.40B), occasionally resembling posterior urethral valves. 
The dilated posterior urethra is believed to be secondary to 
prostatic hypoplasia. The anterior urethra is usually normal, 
although an association with megalourethra has been de- 
scribed. The testes are cryptorchid, usually in an abdominal 
location. 
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LOWER URINARY TRACT ANOMALIES 
Bladder 
Exstrophy 


The most common congenital bladder lesion is exstrophy. It 
is the result of a deficiency in the development of the lower 
abdominal wall musculature, so that the bladder is open and 
the mucosa of the bladder is continuous with the skin. 
There is associated epispadias in which the urethra is open 
dorsally and urethral mucosa covers the dorsum of a short 
penis. The condition occurs in approximately 1 in 50,000 
births and has a male/female ratio of 2:1. 

Skeletal and gastrointestinal anomalies are commonly 
associated with exstrophy. Separation of the symphysis pu- 
bis correlates directly with the severity of the exstrophy- 
epispadias complex. In full-blown exstrophy, the pubic 
bones are widely separated (Fig. 2.41). The exstrophy-epis- 
padiac anomaly may be associated with ureteric obstruction 
and unilateral or bilateral pelvicaliectasis due to fibrosis at 
the ureterovesical junction. However, in most cases the up- 
per tracts are normal, but there may be widening of the dis- 
tal ureters. This widening has been likened to a “hurley,” 
the stick used in the traditional Irish game of hurling. 
Umbilical and inguinal hernias are frequently present. In 
the past, management typically consisted of excision of the 
bladder and urinary diversion by ureterosigmoidostomy. 
Radiologic assessment in such patients is required at peri- 
odic intervals to exclude the adenocarcinoma of the colon 
that may develop at the ureterosigmoid anastomosis. More 
recently, most children with exstrophy are treated with a 
primary closure of the bladder and subsequent bladder aug- 


mentation. 


FIGURE 2.40. Prune belly syndrome. 
A: Excretory urography reveals bilater- 
ally dilated and extremely tortuous 
ureters. By contrast, the kidneys reveal 
only minimal hydronephrosis. B: 
Voiding cystourethrography reveals 
wide dilation of the prostatic urethra. 
The utricle (arrow) is mildly dilated. 
(From Amis ES Jr, Newhouse JH. 
Essentials of uroradiology. Boston: 
Little, Brown & Co, 1991:71, with per- 
mission.) 


Bladder Duplication 


Bladder duplication is extremely rare and may be complete 
or incomplete. Variations include bladder septum, which 
may be multiple and which divides the bladder into two or 
more compartments. The embryogenesis of bladder dupli- 
cation is not clearly understood. Complete duplication may 


FIGURE 2.41. Exstrophy of the bladder. An excretory urogram 
reveals the typical “Hurley stick” deformity of the distal ureters 
just proximal to the ureterovesical junctions (arrows). The blad- 
der is ill-defined because it has failed to close in the midline. Note 
the widely separated pubic symphysis. 


result from a bifurcation of the cloacal septum, resulting in 
two ventral bladders and urogenital sinuses. In complete du- 
plication, both bladders lie side by side, separated by a peri- 
toneal fold. Each bladder has normal musculature and mu- 
cosa, and the ipsilateral ureter drains into each bladder. Each 
bladder has a separate urethral orifice that may drain into a 
common urethra with a single penis, or there may be com- 
plete duplication of the urethra and penis. Lower gastroin- 
testinal anomalies are commonly associated. 

Partial duplication occurs when a coronal or sagittal sep- 
tum completely or incompletely divides the bladder and 
there is a single urethra for drainage. In cases of complete di- 
vision, one of the ureters may drain into a segment of the 
bladder not drained by the urethra, resulting in nonfunc- 
tional dysplasia of the associated kidney. 

Agenesis of the bladder is usually incompatible with life; 
death results from obstruction and renal failure. A few cases 
of bladder agenesis have been reported in children who lived 
long enough for a diagnosis to be made. Most of these pa- 
tients were female. 


Congenital Bladder Diverticulum 


A congenital diverticulum occurs in close relationship to the 
ureteral orifice, typically opening just above and lateral to it 
(Fig. 2.42). Such a finding often is called a “Hutch” diver- 
ticulum. Because of distortion of the valve mechanism at the 
ureterovesical junction by the diverticulum, vesicoureteral 
reflux may result. 


Bladder Ears 


Bladder ears are seen in infants or very young children dur- 


ing urography or cystography as inferolateral protrusions of 


FIGURE 2.42. A Hutch type bladder diverticulum. Note the small 
diverticulum adjacent to the right ureterovesical junction in the 
18-year-old man. A tiny diverticulum is also seen on the left. 


Chapter 2: Congenital Anomalies 37 


the bladder, usually bilaterally, into the regions of the in- 
guinal canals. These become less apparent as the bladder fills 
to capacity, and disappear as the child grows. They are prob- 
ably due to a close relationship of the bladder to the inguinal 
rings in infants, and are not considered true herniations of 


the bladder. 


Urachus 


The allantois is the attachment of the bladder dome to the 
umbilicus. The bladder is initially an abdominal organ, but 
it then descends into the pelvis. As this happens, the bladder 
dome narrows to form the urachus, which elongates with 
bladder descent. This umbilical attachment of the bladder 
normally becomes a completely obliterated fibrous cord 
(umbilical ligament). Failure of this fibrous closure results in 
a patent urachus through which urine can flow from the 
bladder to the umbilicus (Fig. 2.43). The male: female ratio 
of patent urachus is 3:1. Segmental failure of closure of 
the urachus at the bladder attachment results in a ura- 
chocele, or diverticulum in the dome of the bladder. Failure 
of closure at the umbilical attachment results in a draining 
umbilical sinus. Failure of closure in any other part of the 
duct results in a urachal cyst. Urachal cysts (Figs. 2.44, 2.45) 
are usually clinically silent unless infection supervenes. 
Calculi have been reported within urachal cysts and may be 
seen on plain film as small punctate calcifications above the 
bladder outline. 


-Umbilicus 


-Bladder 


FIGURE 2.43. Urachal abnormalities. A: Patent urachus. B: 
Umbilical sinus. C: Urachocele. D: Urachal cyst. 
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FIGURE 2.44. Transabdominal ultrasound longitudinal scan in a 
3-year-old boy with a palpable abdominal mass. The study shows 
a urachal cyst (C) with clear definition of space between the cyst 
and the bladder (8). (Courtesy of A. Daneman, MD.) 


Miullerian Duct Cyst and Dilated Prostatic 
Utricle 


Normal miillerian duct atrophy occurs in about the sixth 
week in the male fetus. The vestigial remnants of this ductal 
obliteration are the prostatic utricle and the appendix of the 
testis. Nonatrophy of the miillerian duct may produce cys- 
tic dilations along the route of the vas deferens from the 
scrotum to the ejaculatory ducts (Fig. 2.46). Miillerian duct 
cysts are rare, but most commonly occur in the midline just 
above the prostate. They may occasionally become large 
enough to cause an impression on the posterior bladder wall 


FIGURE 2.45. Urachal cyst. Computed tomography reveals a 
midline cystic structure with thin peripheral calcification behind 
the anterior abdominal wall. There is no soft tissue component to 
suggest tumor or infiltration of the surrounding fat to indicate 
infection. 


or to obstruct the bladder outlet. If infection supervenes, 
suprapubic and rectal pain occur. Fluid aspirated from a 
miillerian duct cyst may be serous, mucoid, purulent, or 
hemorrhagic, but it contains no spermatozoa. These cysts 
can be imaged with ultrasound (Fig. 2.47), CT, or magnetic 
resonance imaging (MRI). 

Another miillerian remnant problem is a dilated utricle, 
which is commonly associated with hypospadias and in- 
complete testicular descent, a complex of findings suggest- 
ing intersex. The normal prostatic utricle is 8 to 10 mm in 
length, narrow at its orifice (2 mm) in the verumontanum, 
and bulbous at its blind end. Because the dilated utricle 
communicates with the urethra, it can be imaged during an- 
tegrade or retrograde urethrography (Fig. 2.48). 


Seminal Vesicles 


Congenital seminal vesicle anomalies result from interrup- 
tion or failure of the normal development of the 
mesonephric duct. The mesonephric duct develops ureteric 
buds dorsomedially after 5 weeks of gestation. The ureteric 
buds grow cranially and dorsally to meet the nephrogenic 
ridge and form the metanephros, which becomes the normal 
kidney. As fetal growth continues, the ureters derive sepa- 
rate openings into the bladder, and the mesonephric duct 
moves caudally and ends as the ejaculatory duct. Small buds 
develop in the distal mesonephric duct that become the 
seminal vesicles. 

Any deviation in the development of the ureteric bud or 
the seminal vesicle bud results in a congenital anomaly. 
When both buds fail to develop, the ipsilateral kidney, 
ureter, hemitrigone, and seminal vesicle are lost. Failure to 
develop the normal ureteric bud results in renal agenesis and 
a normal seminal vesicle. Failure to develop a normal semi- 
nal vesicle bud results in a normal kidney, ureter, and 
hemitrigone and absent seminal vesicle. Abnormal develop- 
ment of the distal mesonephric bud may result in atresia of 
the seminal vesicle duct, resulting in seminal vesicle ob- 
struction producing a seminal vesicle cyst (Fig. 2.49). 
Seminal vesicle cysts are commonly associated with ipsilat- 
eral absence of the kidney and ureter (Fig. 2.5). Rarely, the 
anomaly involves delay in the origin of the ureteric bud such 
that the seminal vesicle bud gives rise to the ureteric bud, re- 
sulting in ectopic insertion of the ureter into the seminal 
vesicle. Seminal vesicle cysts rarely enlarge enough to be of 
clinical significance. They most commonly present in the 
third decade but have been reported in patients up to 60 
years of age. When such cysts are large, patients present clin- 
ically with urgency, frequency, and dysuria. Pelvic and per- 
ineal pain are common. 


Urethra 


Many of the congenital urethral lesions discussed in the fol- 
lowing paragraphs are obstructive and consequently pro- 
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FIGURE 2.46. Millerian remnant 
abnormalities in the male. A: The 
normal utricle is a small pocket in 
the verumontanum. B: Dilated utri- 
cle; this communicates with the ure- 
thra and will opacify during ure- 
thrography. C: Müllerian duct cyst - 
a cystic structure above the prostate 
and between the seminal vesicles. 
There is no communication with the 
urethra. 


FIGURE 2.47. Millerian duct cyst. A cystic mass is well defined in FIGURE 2.48. Dynamic retrograde urethrogram in a patient 
this transrectal ultrasound examination. with hypospadias and multiple postoperative anterior urethral 


strictures. Congenital cystic dilation of the prostatic utricle (ar- 
rowheads) is demonstrated. (From McCallum RW, Colapinto V. 
Urologic radiology of the adult male lower urinary tract. 
Springfield, IL: Charles C Thomas, 1976: 55, with permission.) 
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FIGURE 2.49. Transrectal ultrasound in a 50-year-old man with 
lower abdominal pain. A 4-cm cyst is seen arising from the left 
seminal vesicle. 


duce vesical and ureteric dilation. Severe obstruction results 
in gross hydronephrosis with renal obstructive atrophy. 
Because the lower urinary tract has completely formed by 
the end of the fourth month of gestation and because fetal 
micturition also occurs at this time, complete obstruction 
may lead to intrauterine death. Incomplete obstruction may 
be compatible with a live birth, but failure to thrive and 
vomiting in the neonate or infant are symptoms of renal fail- 
ure, which raises the possibility of outlet obstruction from a 
urethral anomaly. 


Posterior Urethral Valves 


POSTERIOR URETERAL VALVES 


m Type 1 (most common). Leaflets from distal 
vera to urethral wall. 

m Type 2. Proximal leaflets — probably acquired. 

m Type 3. Iris diaphragm across distal prostatic 
urethra. 


The continuation of the inferior aspect of the verumon- 
tanum is the urethral crest, which is a mucosal fold that is 
originally midline but divides into two to four fins (plicae 
colliculi) that take a spiral course to end inferiorly in the 
membranous urethra, anteriorly and midline. These plicae 
colliculi are vestigial remnants of the migrating mesonephric 
duct orifices. When the origin of the mesonephric duct ori- 
fice is too far anterior, normal migration is altered, leading 


FIGURE 2.50. Classification of posterior urethral valves. A: Type 
1 valves are leaflets extending from the distal verumontanum to 
the walls of the urethra. B: Type 2 valves are seen in the proximal 
prostatic urethra and probably represent redundant mucosal 
folds. C: A type 3 valve is a diaphragm extending across the dis- 
tal prostatic urethra. The size of the opening in this diaphragm 
determines the degree of obstruction. (From Amis ES Jr, 
Newhouse JH. Essentials of uroradiology. Boston: Little, Brown & 
Co, 1991:66, with permission.) 


to abnormal fusion and insertion of the plicae colliculi and 
resulting in thick valve cusps. 

In 1919, Young classified urethral valves into three types 
(Fig. 2.50). Type 1 is the most common and consists of 
valve leaflets extending from the distal verumontanum to 
the urethral walls. These valves act as sails, ballooning out 
during voiding and resulting in outlet obstruction (Fig. 
2.51). Type 2 posterior urethral valves are mucosal folds ex- 
tending proximally from the verumontanum to the bladder 
neck. These are rare and are probably caused by mucosal re- 
dundancy secondary to current or prior, more distal urethral 
obstruction. Thus, many authorities no longer consider type 
2 valves to be true valves because they are acquired rather 
than congenital. A type 3 posterior urethral valve also is rare 
and is unrelated to the verumontanum. It occurs in the dis- 


FIGURE 2.51. Voiding cystourethrogram in a 2-year-old boy. The 
posterior urethra is dilated down to the membranous urethra. 
The valves are visible. (Courtesy of A. Daneman, MD.) 


tal prostatic urethra as an iris-like membrane with a central 
pinhole orifice (Fig. 2.52). 

Posterior urethral valves are the most common cause of 
obstructive symptoms in infants and very young boys; they 
occur only in males. The condition may cause complete ob- 
struction leading to renal failure, oligohydramnios, and in- 
trauterine death. Vesicoureteral reflux (occurring in approx- 
imately 50% of patients) or high intravesical pressure can 
result in massive hydrostatic pressure in the kidney, leading 
to calyceal rupture and resultant subcapsular or perirenal- 
urinomas. Fetal and/or neonatal urine ascites also may oc- 
cur. Neonatal clinical diagnosis therefore includes palpable 
kidneys and bladder, abdominal distention, ascites, strain- 
ing to void, and an absent or dribbling urinary stream. 
Blood urea nitrogen and creatinine levels are usually ele- 
vated, indicating renal impairment. Renal function may re- 
turn to normal after the obstruction is relieved, depending 
on the degree of renal damage. Occasionally, chronic renal 
failure may occur in spite of surgical intervention to relieve 
obstruction. 

Young children may present with symptoms of urinary 
tract infection; fever, vomiting, and hematuria should lead 
to an investigation of the urinary tract. This also may occur 
in older children and young adults when the degree of ob- 
struction due to posterior urethral valves may be so mild 
that investigation is delayed until superimposed infection 
occurs. The variability of the degree of obstruction may lead 
to dilemmas of diagnosis and management, whereby some 
cases are mistakenly diagnosed as neurogenic bladder. It is 
mandatory, therefore, to include posterior urethral valves in 
the differential diagnosis of urinary tract infection or outlet 
obstruction in male infants, children, and young adults. 

Posterior urethral valves are best demonstrated in chil- 
dren and young adults by voiding cystourethrography. 
There is no difficulty with the insertion of a catheter into the 
bladder in type 1 valves, but catheter insertion may be diffi- 


FIGURE 2.52. Type 3 posterior urethral valve. Voiding cys- 
tourethrogram reveals an iris diaphragm type of valve (arrow) ex- 
tending across the prostatic urethra causing proximal dilation. 


Chapter 2: Congenital Anomalies 41 


cult in type 3 valves. Bladder filling demonstrates a large-ca- 
pacity bladder, bladder trabeculation with diverticula, or 
vesicoureteral reflux in approximately one-half of the cases, 
and a somewhat narrowed bladder neck due to hypertrophy 
of the bladder detrusor. The voiding study demonstrates a 
dilated posterior urethra with poor distention of the mem- 
branous and anterior urethra. The valves occasionally may 
be seen as lucent bands bulging distally across the prostatic 
urethra and impeding the flow of urine. 


Fibroepithelial Polyp 


Fibroepithelial polyp in the urethra is rare and is of embry- 
onic origin, usually originating in the prostate and project- 
ing into the urethra. This condition presents at birth with 
difficulty in micturition or intermittent stream that may 
progress to retention. The polyp is connected to the veru- 
montanum via a stalk, which allows it to rest in the prostatic 
urethra or even extend through the bladder neck into the 
bladder (Fig. 2.53); during the voiding phase of cys- 
tourethrography it is typically seen as a smooth filling defect 
extending into the midportion of the bulbar urethra (Fig. 


2.54). 


Atresia Ani-Urethralis 


Anal atresia in the male may be associated with a fistulous 
tract between the bowel and posterior urethra, resulting in 
difficulty catheterizing the bladder. If the fistulous tract goes 
untreated, recurrent urinary tract infection may eventually 
result in renal failure. Treatment of the anal atresia by 
colostomy is insufficient, because urine passes along the fis- 
tulous tract into the bowel forming “bowel calculi,” the re- 
sult of urinary crystalloids combining with colonic mucus. 


Meatal Stenosis 


Congenital meatal stenosis can account for severe outlet ob- 
struction in the male and can produce the same degree of 
hydronephrosis, bladder dilation, and trabeculation as ure- 
thral valves. Meatal stenosis of this degree is a much less 
common cause of hydronephrosis than posterior urethral 
valves. Catheter insertion through the external meatus is dif- 
ficult or impossible. The stenosis is easily treated by a 
meatotomy. An associated, wide-necked diverticulum may 
arise from the dorsal urethra within the glans penis; this is 
referred to as a lacuna magna and also can be an isolated oc- 
currence. Diagnosis of meatal stenosis is clinical. 


Hypospadias 


In hypospadias, the external urethral meatus is found on the 
ventral surface of the penis, anywhere from just proximal to 
its normal location to the perineum. Although clinically ob- 
vious on physical examination, hypospadias is usually 
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asymptomatic until bladder training has been completed, 
after which the urinary stream is found to be difficult to di- 
rect and may require, depending on the severity of the 
anomaly, sitting to void. Urethroplasty to construct a new 
distal urethra is required. 


Epispadias 


Epispadias is less common than hypospadias. The external 
urethral orifice opens onto the dorsum of the penis, and as 
for hypospadias, urethroplasty is required for correction. In 
patients with exstrophy, epispadias is complete with the en- 
tire urethra lying open along the dorsum of a foreshortened 
penis. 


FIGURE 2.54. Congenital urethral polyp. Voiding phase of cys- 
togram shows dilation of the posterior and proximal bulbar ure- 
thra. The polyp is clearly seen. 


montanum 


FIGURE 2.53. Diagram of congenital urethral polyp. A: During 
voiding the polyp extends into the bulbar urethra. B: When rest- 
ing, the polyp can coil in the posterior urethra and even extend 
through the bladder neck into the bladder. 


Anterior Urethral Diverticulum 


Congenital urethral diverticulum occurs only in males and 
arises from the ventral surface of the anterior urethra. 
Urethral diverticulum in the adult female is thought to be 
acquired. In the male, anterior urethral diverticulum is the 
result of failure of closure of urethral folds or an abortive at- 
tempt at urethral duplication. The diverticulum has a some- 
what narrow neck and fills during voiding. As the diverticu- 
lum fills, it increases in size and compresses the true urethra 
(Fig. 2.55). This may result in significant obstructive void- 
ing symptoms. At the end of micturition, the diverticulum 
empties, causing postvoid dribbling. Diagnosis is best ac- 
complished by voiding cystourethrography. Removal of the 
diverticulum requires urethroplasty to repair the defect in 
the urethral floor. 

Anterior urethral valves also have been described, and re- 
sult in a clinical and radiographic pattern difficult to distin- 
guish from an anterior urethral diverticulum (Fig. 2.56). It 
is currently unclear whether such a valve is a true entity or is 
simply the anterior lip of a diverticulum. 

As mentioned in association with meatal stenosis, a dor- 
sal urethral diverticulum can occur in the region of the fossa 
navicularis. These diverticula are typically round and are 
known as lacuna magna. Their opening is obscured during 
retrograde urethrography but, if suspected, can usually be 
demonstrated by voiding studies. 


Urethral Duplication 


No satisfactory embryologic explanation has been suggested 
to explain urethral duplication, which may be complete or 
incomplete. 

In complete duplication in the male patient, there may 
be accompanying bladder or penile duplication or both. 
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FIGURE 2.55. Urethral diverticulum. A: Round filling defect (arrow) is a stone in the diverticulum. 
Note that the urethra distal to the diverticulum is very poorly distended due to the obstruction 
caused by the distal lip of the diverticulum pressing against the roof of the urethra as it fills dur- 
ing voiding. B: Postvoid film shows contrast remaining in the diverticulum. 


The two urethras lie one above the other in males, and the 
ventral channel usually proves to be the more functional and 
normal appearing. In female patients, duplicated urethrae 
lie side by side. When the anomalous urethra lies outside the 
control of the internal and distal sphincter mechanism, uri- 
nary incontinence is the presenting symptom. The anoma- 
lous urethra has an epispadiac or hypospadiac external mea- 
tus and is subject to recurrent infection. Indications for 
removal of the anomalous urethra are urinary incontinence 
and urethritis in the anomalous urethra. 

In incomplete duplication, two external meati may be 
found with two urethras joining near the bladder neck or 
two urethrae may originate from the bladder neck and 
may join at some point distally to form a single urethra 
(Fig. 2.57). Both retrograde and voiding urethrography 
may be necessary to completely define the extent of this 
anomaly. 


A B 


FIGURE 2.56. Diagram of anterior urethral diverticulum and an- 
terior urethral valve. A: Note that the proximal portion of the di- 
verticulum forms an acute angle with the urethra. Elevation of 
the distal lip of the diverticulum against the roof of the urethra 
acts as an obstruction as the diverticulum fills. B: An anterior ure- 
thral valve, if such an entity truly exists, has the same obstructive 
mechanism as a diverticulum. Note that there is no proximal an- 
gulation such as that seen with the diverticulum. (From Amis ES 
Jr, Newhouse JH. Essentials of uroradiology. Boston: Little, Brown 
& Co, 1991:67, with permission.) 


Retention Cyst of Cowper’s Duct 


Cowper’s glands are two pea-sized glands lying between the 
leaves of the urogenital diaphragm. The ducts of these 
glands are approximately 2 cm in length, extend from the 
urogenital diaphragm inferiorly, and enter the midbulbous 
urethra on both sides of the midline. Cowper’s glands se- 
crete mucin that is a lubricator for semen and prevents co- 
agulation of spermatozoa during ejaculation. Cowper’s duct 


FIGURE 2.57. Urethral duplication. Retrograde urethrography is 
performed with the balloon inflated in the common distal chan- 
nel. Note that the ventral urethra is the more normal of the two 
in appearance. 
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FIGURE 2.58. Cowper's duct cyst. Voiding cystourethrogram re- 
veals a well-defined indentation on the floor of the midbulbar 
urethra (arrow). There is no urethral obstruction in this case. The 
verumontanum is clearly seen (v). 


cysts have been reported in newborn infants and are thought 
to be the result of a congenital malformation of the ostia, 
producing ductal obstruction resulting in retention cyst 
swelling. The retention cyst projects into the bulbous ure- 
thra and may cause minor urinary symptoms such as fre- 
quency or strangury; large retention cysts may cause ob- 
structive symptoms. 

On urethrography, a Cowper’s duct cyst is seen as an in- 
dentation on the floor of the mid- or proximal bulbar ure- 
thra (Fig. 2.58). 


UNDESCENDED TESTICLE 


Undescended testicle, also known as cryptorchism or cryp- 
torchidism, commonly occurs as an isolated phenomenon 
or may be associated with other urogenital anomalies, such 
as renal agenesis or ectopia, prune belly syndrome, and 
epispadias. Up to 20% of premature males are born with 
undescended testes. In most of these infants, normal de- 
scent into the scrotum occurs within the first few weeks to 
months of life. In term infants, the incidence of unde- 
scended testes is significantly lower, and further decreases 
to approximately 1% by 1 year of age because of sponta- 
neous descent. 

The undescended testicle often is smaller than the nor- 
mal descended testis. In a small number of these patients, 
testicular agenesis occurs. The most common ectopic posi- 
tion for the undescended testicle is in the inguinal canal. 
However, arrested descent of the testes may occur in the ab- 
domen, pelvis, or high in the scrotum after passage through 
the inguinal canal. 

Complications of the undescended testicle include ma- 
lignant change, sterility, and testicular torsion. A testis 


arrested in the inguinal canal also is subject to accidental in- 
jury. The incidence of malignant change in the unde- 
scended testicle is high. In the normal male population, the 
incidence of testis tumor is approximately 2:100,000. This 
increases to 10:100,000 in inguinally placed undescended 
testis, and the rate is even higher in arrested descent in the 
pelvis or abdomen. 

In many centers, laparoscopy has become the procedure 
of choice for the nonpalpable testis. Imaging modalities that 
may be useful in the detection of undescended testicle in- 
clude ultrasound, CT, and MRI. Ultrasound is useful in the 
detection of the undescended testicle when the arrest is in 
the inguinal canal. However, ultrasound is of little value in 
detecting arrested descent in the abdomen or pelvis unless 
malignant change has occurred producing a mass. High-fre- 
quency transducers can successfully define the undescended 
inguinal testis in most cases. Both sides should be examined 
for symmetry. An asymmetric mass in the inguinal region 
with the echogenic characteristics of the normal testes is the 
most common finding. Malignant change in the unde- 
scended testis is seen on ultrasound as a mass of indefinable 
echogenicity in the inguinal canal. 

CT accurately identifies the undescended testicle in and 
adjacent to the inguinal canal (Fig. 2.59). Contiguous 5- 
mm collimation from the scrotum up to the iliac crest is rec- 
ommended. Normally structures in this region are symmet- 
ric. In undescended testes, asymmetry occurs with the 
presence of a small mass on the affected side corresponding 
to the undescended testicle. An asymmetric mass larger than 
the expected testicular size raises the possibility of malignant 
change. Because an undescended testicle may be as small as 
1 cm, it is necessary to opacify the bowel with oral contrast 
material. MRI has similar spatial resolution to CT (Fig. 
2.60). The undescended testis is seen as a medium-signal 
mass on T1-weighted images and as a high-signal mass on 
T2-weighted images. 


FIGURE 2.59. Undescended testicle. A computed tomography 
scan through the level of the symphysis pubis demonstrates the 
right testis (arrow) in the inguinal canal. 


FIGURE 2.60. Magnetic resonance imaging (MRI) of unde- 
scended testicle. A T1-weighted MR image clearly shows the 
medium signal intensity testicle (arrow) in the left inguinal area. 


IN UTERO ANOMALIES 


Using state-of-the-art ultrasound equipment, it is widely ac- 
cepted practice to evaluate the fetus in utero for anomalies. 
The urinary tract lends itself well to such evaluation, be- 
cause the fetal kidneys are discernible at 13 to 14 weeks of 
fetal age using high-quality transabdominal techniques or a 
vaginal probe. The fetal bladder can be imaged as early as 11 
weeks of gestation. Care must be taken not to overcall hy- 
dronephrosis, since it is not uncommon for the renal pelvis 
to be distended to 1 cm when measured in anteroposterior 
diameter in the normal fetus. Many anomalies can, how- 
ever, be diagnosed with some degree of certainty; although 
to date there has been no significant success in treating these 
conditions in utero (Table 2.1). The ultrasonographic find- 
ings in these anomalies are generally the same as those de- 
scribed in the term infant after delivery and are discussed 
previously in this chapter or elsewhere in this book. 


TABLE 2.1. GENITOURINARY ANOMALIES 
DETECTABLE BY IN UTERO SONOGRAPHY 


Renal agenesis 

Renal ectopy 

Multicystic dysplastic kidney 
Polycystic renal disease 
Autosomal recessive 

Autosomal dominant 
Ureteropelvic junction obstruction 
Hydronephrosis with ureterectasis 
Reflux 

Primary megaureter 

Ureterocele 

Posterior urethral valve 

Patent urachus 

Bladder exstrophy 

Scrotal hydrocele 

Mesoblastic nephroma 
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FEMALE GENITAL TRACT 


The incidence of congenital uterine and vaginal anomalies 
ranges from 0.5% to 3%; the discrepancies probably have to 
do with whether some very mild uterine variants are consid- 
ered anomalous. In general, they fall into three main cate- 
gories, which are agenesis, duplication, and anomalies re- 
lated to diethylstilbestrol (DES). 

The clinical presentation of these congenital anomalies 
varies. If the anomaly involves vaginal atresia or uterine atre- 
sia, menarche is delayed. If the vagina is atretic but there is 
an endometrium, cyclic pain may appear with puberty even 
though menarche does not. Any form of obstruction may 
produce hematometra and/or hematocolpos, which may be- 
come palpable. Infertility may be the first clue to the diag- 
noses of certain anomalies, or patients who have no diffi- 
culty getting pregnant may habitually have spontaneous 
abortions or unusual fetal presentations. Patients whose 
menstrual flow is occluded but whose fallopian tubes are 
patent may extrude menstrual material into the peritoneal 
cavity and develop endometriosis. 

The American Fertility Society has adopted a classifica- 
tion initially proposed by Buttram. 

Class I constitutes miillerian agenesis or hypoplasia. 
There are a variety of manifestations of this group, includ- 
ing hypoplasia of the vagina, cervix, uterus, and fallopian 
tubes or a combination of them. The Mayer-Rokitansky- 
Kuster-Hauser syndrome involves absence of the entire 
uterus, cervix, and vagina; in some types there are normal 
fallopian tubes and kidneys, whereas in others there are re- 
nal, ovarian, and fallopian tube anomalies as well. The 
vagina is usually short. The imaging findings are self-evi- 
dent: there may or may not be normal ovaries and there may 
be unilateral renal agenesis; the uterus is not seen. 

Class If anomalies involve the consequences of failure of 
development of one miillerian duct, and comprise a variety 
of forms of the unicornuate uterus. There may be complete 
agenesis of one side of the uterus, so that only one cornu and 
fallopian tube form. Alternatively, the abnormal cornu may 
be present but severely hypoplastic. The hypoplastic side 
may have no endometrial space, or a hypoplastic one; the 
hypoplastic one may or may not communicate with the 
main portion of the endometrium. 

Imaging findings depend upon the details of the 
anomaly. If there is complete agenesis of one horn, hys- 
terosalpingography may reveal a normal lower uterine seg- 
ment but a small fundus with one cornu and one tube (Fig. 
2.61); ultrasound may reveal an asymmetric uterus and fun- 
dal endometrium, and MRI may show only one cornu. If 
the abnormal side is hypoplastic but contains no en- 
dometrium, hysterosalpingography may appear no different 
from that of the first variety, but MRI may reveal a stub of 
myometrium extending toward the abnormal side. If the ab- 
normal side has an endometrial cavity that is very small but 
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FIGURE 2.61. Unicornuate uterus. The endometrial cavity is de- 
viated to the right and there is only one tube, which is coiled and 
redundant. 


communicates with the main endometrial cavity, hysteros- 
alpingography may fill it. If the endometrial cavity of the ab- 
normal side exists but does not communicate, a local form 
of hematometra may appear that resembles a myometrial or 
adnexal mass; ultrasound will show it to be fluid-filled with 
internal echoes and MRI may reveal the mass to have char- 
acteristics of old blood. 

Classes III, IV, V, and VI all involve uterine duplication, 
the degree of which is most severe in the lowest-numbered 
classes. 

Class III constitutes complete uterine duplication, often 
called uterus didelphys. Thete are two cervices; each endo- 


FIGURE 2.63. Bicornuate uterus. Ultrasound reveals two uterine 
horns, which are separated in the midline by a deep external 
cleft. 


cervical canal connects with a fundus that has one cornu 
that extends to one tube. There may be one vagina or there 
may be a vaginal septum; often the septum occludes one- 
half of the vagina, so that hematocolpos and hematometra 
appear. With unilateral vaginal atresia and uterus didelphys, 
unilateral renal agenesis is very common. 
Hysterosalpingographic demonstration of this anomaly re- 
quires that each cervical os be cannulated. Ultrasound and 
MRI reveal the two uterine bodies; T2-weighted MRI 
clearly reveals the separate endometrial cavities (Fig. 2.62) 
and cornua. 

Class IV anomaly is a bicornuate uterus. In this condi- 


FIGURE 2.62. Uterus didelphys. A, B: Two separate endometrial cavities on these coronal T1- 


weighted magnetic resonance images. 
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FIGURE 2.64. Two cases of septate uterus. A: A deep narrow septum almost completely divides 
the endometrial cavity. B: A wide, shallow septum separates the cornua of the fundus. 


tion, there is one cervix, but there are two upper uterine seg- 
ments and two fundi, each of which has its own cornu. The 
external surfaces of the two horns of the uterus can be 
demonstrated by surgical or laparoscopic inspection, MRI, 
or ultrasound (Fig. 2.63). 

Class V anomaly is a septate uterus. In this condition, the 
external surface of the uterus appears normal, but a septum 
of variable dimensions separates the left and right halves of 
the fundus (Fig. 2.64). Since this condition may be treated 
with endoscopic surgery, it is important to be sure that the 
patient does not actually have a bicornuate uterus; MRI is 
probably the most accurate noninvasive modality for demon- 
strating the external uterine configuration (Fig. 2.65). 

Class VI is the arcuate uterus. In this condition, the fun- 
dal surface of the endometrial cavity, which normally is con- 
vex outward, bulges slightly into the endometrial space. 
This condition is only rarely associated with upper tract 


FIGURE 2.65. Septate uterus. T2-weighted MRI reveals a thick, 
shallow fundal septum; the external surface of the uterus reveals 
no cleft. (Courtesy of Tova Koenigsberg, MD.) 


anomalies, and may more accurately be considered a normal 
variant than an important anomaly. 

Class VII anomalies are those associated with in utero ex- 
posure to DES. This drug, when given to pregnant women, 
causes miillerian duct abnormalities in female fetuses. The 
drug was withdrawn from use in pregnant women in 1970, so 
that the cohort of affected patients is growing older, and di- 
agnosis of their uterine anomalies is becoming less common. 

There are a variety of abnormalities that in utero expo- 
sure to DES cause, including morphologic abnormalities 
and adenosis of the vagina, which confers an increased risk 
of clear-cell carcinoma of the vagina. There are cervical ab- 
normalities, which include transverse ridges, hoods, and 
stenoses. The uterus is often small, and has a variety of hys- 
terosalpingographically visible abnormalities. These include 
a small T-shaped cavity, shortened upper uterine segment, 
and irregular and narrow cervical canal (Fig. 2.66). 


FIGURE 2.66. Uterus after fetal diethylstilbestrol (DES) expo- 
sure. The uterine cavity is small and bizarre in configuration; the 
fundal cavity is T-shaped. 
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Although the T shape is the classically described abnormal- 
ity, a variety of peculiar endometrial cavity shapes have been 
reported. However, the cavities are virtually always dimin- 
ished in size. MRI and ultrasound simply display dimin- 
ished uterine volume. 
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RADIOGRAPHIC TECHNIQUES 
Excretory Urography 


Excretory urography remains an excellent examination of 
the entire urinary tract as it provides a survey of urinary tract 
morphology, has better spatial resolution than computed to- 
mography (CT) or magnetic resonance imaging (MRI), and 
permits semi-quantitative estimation of individual kidney 
function. Specific indications for excretory urography in 
adults are decreasing due to the increasing use of CT, ultra- 
sound, and MRI, but include investigation of patients with 
pyelonephritis in whom known or suspected stone disease or 
obstruction makes assessment of the hollow parts of the uri- 
nary tract important, patients with suspected anomalies, 
and follow-up of patients with urothelial tumors, particu- 
larly transitional cell carcinoma. Urography is usually not 
indicated to evaluate patients with prostate disease, renal 
failure, or hypertension, or to diagnose, stage, or follow-up 
nonurothelial malignancies. 


Routine Urographic Technique 


Excretory urography should be monitored by the radiolo- 
gist. A film-screen combination with a relatively long gray 


scale should be employed. Positioning and collimation are 
crucial, and a peak kilovoltage (kVp) level no higher than 60 
to 75 should be used; milliampere seconds (mAs) should 
vary with the patient’s size to obtain correct exposure. 

Bowel preparation is unnecessary if tomography is used 
or if the clinical situation is urgent. Mild preparation may 
make it easier to visualize small or faintly calcified stones. An 
oral laxative administered 12 to18 hours before the exami- 
nation, supplemented by a rectal suppository on the morn- 
ing of the examination, may suffice. 

Since intravenous contrast may produce vomiting, solid 
food should be proscribed after midnight before the exami- 
nation. Clear liquids may be permitted in order to avoid de- 
hydration, but these should be restricted for an hour or two 
prior to the examination to ensure an empty stomach. 

There is no universally accepted filming sequence for ex- 
cretory urography. The best examination is most likely to be 
obtained if the study is monitored by the radiologist and 
modified to answer the clinical question posed. Certain 
views, however, are essential to every examination. 


The Scout Film. The preliminary, or scout, radiograph is 
indispensable; all structures should be inspected no matter 
how focused the clinical issue may be. The examined area 
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should extend from the upper renal poles to the symphysis 
pubis. A preliminary tomogram should also be made to eval- 
uate the technique and to estimate the level of the tomo- 
graphic views obtained after contrast medium injection. 
The patient should void immediately prior to the scout film. 

Calcifications within the urinary tract should be identi- 
fied prior to contrast injection since they often are obscured 
after contrast is excreted. Oblique scout films or tomograms 
may be obtained to distinguish renal calcifications from ex- 
trarenal densities and artifacts. 

Many common extraurinary calcifications are visible on 
scout radiographs (Fig. 3.1) including gallstones and pan- 
creatic, nodal, adrenal, costochrondral, prostatic, and 
splenic calcification. Phleboliths are small, rounded calcifi- 
cations, often with lucent centers, which are usually located 
in the pelvis. They may lie over the course of the distal 
ureters and be confused with distal ureteral calculi. 
Calcification of the vasa deferentia is of clinical importance 
because about 90% of men with this finding have diabetes 
mellitus (Fig. 3.2). Faintly opaque bladder stones are easily 
overlooked, especially if they are obscured by contrast in 
later films. 

Any abnormal soft tissue density is important to recog- 
nize. The renal outlines may reveal abnormalities of size or 
contour; other organs may be enlarged or displaced as well. 
Loss of the psoas silhouette may represent adjacent 
retroperitoneal pathology, but this sign may be seen in nor- 
mal patients. 
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FIGURE 3.2. Calcified vasa deferentia. (From Amis ES Jr, 
Newhouse JH. Essentials of uroradiology. Boston: Little, Brown & 
Co, 1991:22, with permission.) 


Air within the urinary tract may indicate fistulae or gas 
forming infections. Intubation of the bladder or other parts 
of the urinary tract may be the source of visible air. 

Bony abnormalities may indicate underlying urinary 
tract pathology. Osteoblastic metastases may indicate carci- 
noma of the prostate, and spine abnormalities may be clues 
to a neurogenic bladder. 


Adrenal calcification 
Splenic granulomata 


Calyceal stone 
Stone in calyceal diverticulum 
Cortical nephrocalcinosis 


Medullary nephrocalcinosis 


Calcification in wall of renal cyst 


Aortic aneurysm 


Ureteral stone 
liac artery calcification 


Phieboliths 


Calcified uterine fibroid 
Calcitied vasa 
Bladder stones 


Prostatic calculi 


FIGURE 3.1. Abdominal calcification. Schematic representation of a number of pathologic and 
physiologic calcifications that may be found on abdominal radiology. (Modified from Amis ES Jr, 
Newhouse JH. Essentials of roradiology. Boston: Little, Brown & Co, 1991, with permission.) 


Early Nephrogram Films. The rate of excretion of the con- 
trast medium is directly related to the plasma concentration 
of the contrast medium; therefore, the nephrogram is most 
dense about 30 seconds to one minute after the injection of 
a bolus of contrast material (Fig. 3.3) (See Chapter 4 for 
discussion of contrast dose and administration issues). An 
immediate postinjection, coned-down view of the kidneys 
or a tomogram of the kidneys will best reveal the renal 
parenchyma. 


Tomography. The routine use of linear tomography in- 
creases the sensitivity of the urogram for space-occupying le- 
sions. Tomograms also improve evaluation of abnormalities 
of the collecting system, particularly subtle changes in ca- 
lyceal anatomy and lesions that produce filling defects 
within the collecting system. 

An arc of 25° covers the thickness of an average kidney 
with three exposures. A tomographic angle of 40° will in- 
crease the blurring of out-of-plane structures and decrease 
the thickness of in-focus tissue in each slice, but more slices 
must be obtained to cover the entire thickness of the kidneys. 

The optimal level for tomographic views of the kidney 
(Fig. 3.4) can be estimated by measuring the anteroposterior 
thickness of the abdomen of the supine patient. The mid- 
coronal plane of the kidney may sometimes be identified 
from the scout tomograph if the pedicles of the L2 vertebral 
bodies are in focus. 

Timing for tomographic sections is a matter of prefer- 
ence. In order to detect renal parenchymal masses, the to- 
mograms should be obtained immediately after injection 
when the nephrogram is at its peak. However, if tomo- 
graphic evaluation of the collecting system is desired, the to- 
mograms should be delayed several minutes after injection 


FIGURE 3.3. Early nephrogram film. A 30-second tomogram 
shows the renal margins to be sharply demarcated with intense 
enhancement of the renal parenchyma. Faint early opacification 
of the calyces is evident. 
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FIGURE 3.4. Approximate levels for tomographic sections. (From 
Amis ES Jr: Excretory urography. In: Tavaras JM, Ferrucci JT, eds. 
Radiology: diagnosing-imaging-intervention. Philadelphia: JB 
Lippincott, 1988:23, with permission.) 


(Fig. 3.5); at this time, both the parenchyma and collecting 
system will be opacified. 


Abdominal Compression. An anterior compression device 
(often a cloth belt with pneumatic balloons) may be used to 
compress the ureters against the pelvis so that they are dis- 
tended and become easily visible proximally (Fig. 3.6). 
Normal peristaltic activity may otherwise leave portions of 
the ureters empty of contrast and invisible, especially with 
low-osmolar contrast media, which cause a lesser diuresis 
than standard media and thus distend the ureters less. 
However, many authors feel that a nonvisualized segment of 
a ureter contains noncalcified abnormalities so infrequently 
that compression is not worthwhile. 


FIGURE 3.5. A tomographic section 11 cm above the tabletop 
made approximately 5 minutes after contrast material injection 
demonstrates the midcoronal plane of the kidney. The minor ca- 
lyces are sharply focused in the right kidney. Both renal outlines 
are well demonstrated. 
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FIGURE 3.6. Effect of abdominal compression. A: In the uncompressed patient, the calyces and 
proximal ureters are poorly distended. B: After application of the compression device (arrows), 
the calyces and proximal ureters are much better demonstrated. 


If compression is used, the belt should be placed around 
the patient rather than being attached to the x-ray table. It 
should be placed at the level of the most anterior portion of 
the ureters (the anterior superior iliac spine is a good land- 
mark), and the patient should be instructed not to tense the 
abdominal muscles. An additional film may be obtained a 
few seconds after release of compression, at which time a bo- 
lus of urine shauld fill the distal ureters. 

Contraindications to abdominal compression include an 
abdominal aortic aneurysm, ureteral obstruction, recent ab- 
dominal surgery, and abdominal stomas. 


Excretion Films. Two or three films of the entire abdomen 
should be made between 5 and 15 minutes after injection of 
contrast medium to see the collecting systems, ureters, and 
bladder. If tomograms are not obtained, a view collimated 
to the kidneys may be useful. 

Oblique views are often helpful to determine the location 
of features superimposed on the urinary tract, to confirm 
and localize renal-occupying lesions and to localize a sus- 
pected defect within the collecting system. Changing the pa- 
tient position may also be helpful if there is ureteral dilation 
and the passage of contrast inferiorly from the collecting sys- 
tem is slow: prone films may place the midureter in a de- 
pendent position so that opacified urine (which is heavier 
than unopacified urine) may fill this portion; alternatively, 
having the patient sit or stand upright for a few minutes be- 
fore lying supine again may opacify a ureter down to the end 
of any dilated portion. The upright film may better demon- 


strate the most inferior portion of the bladder, especially 
when there is a cystocele or hernia. Also, patients who begin 
the examination with a large amount of unopacified bladder 
urine may have better bladder opacification if bladder urine 
is mixed with opacified urine by turning the patient from 
supine to prone and back, or by moving up to an upright 
position briefly before lying down again for the exposure. 

Traditionally, the postvoid film has been used to evalu- 
ate the patient’s ability to empty the bladder. It should be 
noted that, although a postvoid residual may be abnormal, 
patients may incompletely empty the bladder under the pe- 
culiar circumstances of excretory urography even though 
they usually empty the bladder completely. An important 
use of the postvoid radiograph is to evaluate the distal 
ureters that may be hidden behind the opacified bladder on 
the prevoiding radiographs (Fig. 3.7). This is especially im- 
portant in patients who might have distal ureteral calculi. 
Oblique postvoid radiographs may also be very useful in this 
regard. The postvoid radiograph allows evaluation of the 
bladder mucosa (Fig. 3.8) and may be the only radiograph 
on which small filling defects or other urothelial lesions of 
the bladder are demonstrated. 

In patients with acute ureteral obstruction, there may be 
delayed filling of the collecting system and ureter. The 
amount of delay is highly variable and depends upon the 
acuity and degree of obstruction. The timing of these films 
is not crucial, but a reasonable schedule would include films 
at 1, 3, 6, 12, and 24 hours after injection or until the point 
of obstruction is demonstrated. If the proximal ureter or col- 
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FIGURE 3.7. A: The exact point of ureteral obstruction secondary to an impacted stone is hidden 
behind the contrast-filled bladder. B: it is well demonstrated on the postvoid radiograph (arrow). 


lecting system becomes opacified, placing the patient briefly 
in an upright position before obtaining a subsequent supine 
radiograph may fill the ureter to the point of obstruction. 
Conversely, if there is no opacification of the obstructed col- 
lecting system by the time that the contralateral normal kid- 
ney has excreted all of the injected contrast, further delayed 
films are not useful. 


The Normal Excretory Urogram 


There is a wide variation in size of the “normal” kidneys, 
due in part to the degree of magnification and the amount 
of diuresis induced by the contrast material. The average 
length of the left kidney is approximately 0.5 cm greater 
than that of the right kidney; size discrepancies are likely to 


FIGURE 3.8. Postvoid film. The norma! mucosal pattern of the 
bladder is demonstrated. 


represent abnormalities if the right kidney is more than 1.5 
cm longer than the left or if the left kidney is more than 2 
cm longer than the right. 

The size of the kidneys varies with the size and sex of the 
patient; an average renal length equal to three to four verte- 
bral bodies is normal. Experienced radiologists can usually 
simply inspect the kidneys to determine whether the renal 
size is normal. 

The kidneys lie in the retroperitoneum with their long 
axes parallel to the outer border of the psoas muscles. In 
heavier patients, the renal axes may become more parallel to 
the long axes of the patient. The renal hilus is usually at the 
same level of the L2 or L3 vertebral body. Abnormal renal 
position may be congenital, due to an adjacent mass, or due 
to a musculoskeletal abnormality such as severe scoliosis. 

The normal kidney should be sharply marginated and 
smooth in outline. Well-performed urography should per- 
mit visualization of the entire outline of each kidney; failure 
to visualize a portion of the outline may be the only mani- 
festation of a focal abnormality. 

The renal margin may be lobulated. So-called fetal loba- 
tion (Fig. 3.9) is common and normal; the indentations be- 
tween the lobes represent incomplete fusion of the embry- 
ologic renal lobules. These indentations can be 
differentiated from pathologic scarring by their smooth con- 
tour and regular spacing. They can be distinguished from 
pyelonephritic scars, which are usually deeper and are always 
adjacent to an underlying abnormal calyx. Scars from renal 
infarcts tend to occur in random locations. 

A prominent bulge on the lateral border of the left kid- 
ney represents a normal variation due to molding by the ad- 
jacent spleen and has been called a dromedary hump (Fig. 
3.10). A soft-tissue density representing fluid in the fundus 
of the stomach is frequently seen superior to the upper pole 
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FIGURE 3.9. Fetal lobation. Regularly spaced indentations along 
the renal margin are typical of fetal lobation (lobulation). 


of the left kidney, especially on tomograms (Fig. 3.11). This 
structure is often confused with a renal or adrenal mass; that 
it is a normal part of the stomach can be demonstrated with 
a prone radiograph in which the “mass” will be seen to fill 
with air. 

The average human kidney contains 10 tol5 calyces, but 
this number may vary considerably. Calyces in the polar re- 
gions, particularly the right upper pole, may be compound; 
that is, two or more papillae may share a common in- 
fundibulum. Normal calyces are deeply cupped and delicate 
in appearance without blunting or distortion. Normal in- 
fundibuli are straight and demonstrate neither bowing nor 
displacement. Occasionally, a small blush of contrast may 
be seen in the renal papilla immediately adjacent to the ca- 


FIGURE 3.10. Dromedary hump. A prominent bulge (arrows) is 
present on the superior border of the left kidney produced by 
compression of the renal margin by the spleen. 


lyx, which is related to the relatively high concentration of 
contrast material in the distal collecting ducts. This finding 
is especially frequent in thin patients and with low osmolar- 
ity contrast media, and should not be confused with the di- 
lation of the distal collecting ducts seen in medullary sponge 
kidney (see Chapter 15). 

In older patients, the calyces and renal pelvis may be 
compressed by the accumulation of fat in the renal sinus. 
This condition, termed renal sinus lipomatosis, may pro- 
duce a spidery and attenuated appearance of the collecting 
system and may prevent adequate calyceal distention, but 
carries no clinical significance. Frequently, segmental arter- 
ies or veins produce impressions on the infundibuli of the 
major or minor calyces; these defects are sharply margin- 
ated, and, when produced by crossing veins, may be elimi- 
nated with tight abdominal compression. An extrinsic im- 
pression on the infundibuli or renal pelvis may be produced 
by a large column of Bertin, which is a region of cortical tis- 
sue between two medullary pyramids; this finding is most 
common at the junction of the superior and middle thirds 
of the kidney. 

The major calyces join to form the renal pelvis, whose ap- 
pearance varies considerably from patient to patient. Often 
the pelvis is entirely intrarenal, but sometimes it appears to 
be outside the confines of the kidney, where it often has a 
distended appearance (the extrarenal pelvis). In the latter 
case, if the calyces can be shown to be normal, the distention 
can be assumed not to represent obstruction. There is usu- 
ally a smooth transition between the renal pelvis and proxi- 
mal ureter. 

The ureters are continuous with the renal pelvis at ap- 
proximately the level of the second lumbar vertebra; they de- 
scend through the cone of renal fascia just lateral to the 
transverse processes of the upper lumbar vertebrae. The 
middle third of the ureter is usually superimposed on the 
transverse processes of the lower lumbar vertebra; consider- 
able normal variation in ureteral course may occur. The 
ureter is most anterior where it passes anterior to the iliac 
vessels; it then descends into the pelvis, coursing first pos- 
terolaterally and then anteromedially to enter the bladder at 
the trigone. Regular waves of peristalsis course down the 
ureter; they begin in the renal pelvis and, if normal, com- 
pletely coapt the walls of the ureter so that lengthy segments 
of the ureteral lumen may be invisible on particular radio- 
graphs. With low doses of contrast, if the ureter is seen to be 
completely filled from end to end, it is likely to be abnormal; 
with high doses of contrast, however, extreme diuresis may 
overwhelm the normal peristalsis so that a normal ureter 
may be completely opacified on a single radiograph. 

One or more slight constrictions of the ureter sometimes 
may be visualized at the level of the ureteropelvic junction. 
These are transverse folds and are normal (Fig. 3.12); they 
are frequently seen in infants and young children. Other 
normal urographic features may include indentations as the 
ureters are crossed by the ovarian vessels, and as they cross 


the iliac vessels, particularly in older patients. In younger 
male patients, ureters may appear to be displaced as they 
course anterior and medial to large psoas muscles (Fig. 
3.13). 

The size and contour of the bladder vary with the degree 
of filling. When distended, the normal bladder is roughly 
spherical. The superior portion may be indented by overly- 
ing viscera; in particular, the uterus frequently indents the 
bladder dome. Any straightening or deformity of one of the 
contours of the bladder should be considered a sign of mu- 
ral abnormality unless an extravesicle structure can be iden- 
tified as causing the indentation. On a postvoid radiograph, 
the mucosal pattern of the bladder should be identified. 


Retrograde Pyelography 


Retrograde injection of contrast material directly into the 
ureter allows visualization of the collecting system and 


FIGURE 3.12. Transverse ureteral folds. Several band-like con- 
strictions are present in the right proximal ureter that have no 
physiologic or pathologic consequence. 
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FIGURE 3.11. Renal pseudotumor. A: Nephro- 
tomogram demonstrates a soft tissue mass 
above the left kidney (arrow). B: Prone plain 
film demonstrates air in the region of the 
“mass,” indicating that it represents the fundus 
of the stomach. (From Amis ES Jr, Newhouse JH. 
Essentials of uroradiology. Boston: Little, Brown, 
1991:24, with permission.) 


ureter without relying on the kidney to excrete contrast 
medium. The degree of opacification and distention of the 
collecting system can be controlled by varying the volume 
and concentration of injected contrast medium. To perform 
the examination, the ureteral orifice is cannulated cysto- 
scopically. The catheter may be advanced to the renal pelvis, 
or the contrast material may be injected into the distal 
ureter. Sometimes a bulb-shaped catheter is wedged into the 
ureteral orifice and contrast medium is injected with no 
catheter in the lumen. The examination may be done in a 
cystoscopy suite, or the ureter may be cannulated during 
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FIGURE 3.13. The ureters have a more medical course secondary 
to large psoas muscles in this young male patient. This condition 
is sometimes referred to as psoas “hypertrophy.” 
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cystoscopy and the patient may be subsequently brought to 
the radiology department for the examination. In any case, 
the exam is best performed with fluoroscopic monitoring 
and appropriate spot films, augmented by overhead views 
when necessary. When a urothelial lesion is suspected, 
brushing or biopsy of the lesion for a pathologic specimen 
may be performed. 

There are several potential complications of retrograde 
pyelography. The cannulated ureteral orifice may become 
edematous and transiently obstructed; this is rarely of impor- 
tance unless it occurs bilaterally. Also, the pyelocalyceal sys- 
tem may be overdistended, so that contrast escapes from 
small ruptures in the fornices into the renal sinus; this is 
known as pyelosinus backflow. If the contrast then opacifies 
the renal vein or lymphatics, it is known as pyelovenous or 
pyelolymphatic backflow. Contrast injected under high pres- 
sure into the collecting system may also flow retrograde into 
the renal tubular lumina, which is known as pyelotubular 
backflow (Figs. 3.14 and 14.1-14.4). These occurrences are 
usually insignificant, but if the patient has a urinary infection, 
absorption of infected urine may produce systemic sepsis. 

Retrograde pyelography may be used to evaluate the 
morphology of the collecting system and ureters. Evaluation 
of the etiology of obstruction, of congenital abnormalities, 
and of possible filling defects detected at other studies are 
common uses. Since it is a relatively invasive exam, and since 
it demonstrates only a small part of the urinary tract, it 
should not be used as an initial diagnostic procedure. 


Cystography 


Static cystography is performed to assess suspected bladder 
rupture, low-pressure vesicoureteral reflux, or to demon- 
strate a vesical fistula. Using a Foley catheter, 300 to 400 mL 
of contrast material (20% —30% weight/volume) is instilled 
into the bladder, and radiographs in the anteroposterior, 
oblique, and lateral positions are obtained. A postdrainage 
view also is obtained and is considered a mandatory part of 
a trauma cystogram, as small amounts of contrast material 
extravasation may be hidden behind a distended bladder. 


Pyelolymphatic —— 


Pyelosinus 


Occasionally, static cystography using more diluted contrast 
material is useful in assessing suspected intravesical filling 
defects, bladder diverticula, or congenital anomalies of the 
lower urinary tract. 

Voiding cystourethrography is used to diagnose high- 
pressure vesicoureteral reflux and to evaluate the urethra. 
The bladder is filled with contrast material using a Foley 
catheter as for a static cystogram. The bladder should be 
filled until the patient is certain he or she can void when the 
catheter is removed, and voiding cystography is performed 
with fluoroscopy. A video recording of the bladder empty- 
ing may be obtained, and the procedure may be recorded us- 
ing spot films, 100-mm cut film, or continuous 105-mm 
film. High-pressure reflux, bladder extravasation, or a small- 
necked diverticulum may not be apparent until the voiding 
study is obtained. In female patients, anteroposterior radio- 
graphs of the urethra are adequate. In male patients, how- 
ever, the voiding films should be obtained in a 45° oblique 
position, so that the entire length of the urethra is demon- 
strated. Some films should be centered on the bladder, par- 
ticularly when vesicoureteral reflux is suspected. If reflux is 
present, the highest level of that reflux should be docu- 
mented on spot radiographs. 


ileal Conduit Studies 


After cystectomy, an ileal conduit is commonly constructed 
for supravesical urinary diversion. One end of an isolated seg- 
ment of ileum is brought to the skin as an ileocutaneous 
stoma. The ureters are implanted in the opposite end of the 
loop; there is generally ready reflux from the conduit into the 
ureters. Contrast material instilled into the ileal loop may 
demonstrate the ureters and the renal collecting systems (Fig. 
3.15). Such a study is called an ileal conduit study or a 
“loopogram.” 

To perform a loopogram, an appropriate Foley catheter 
(generally between 20 and 26 French) is inserted into the 
stoma and the balloon is inflated to a volume of 5 to 8 ml 
within the stoma. Contrast material is then instilled via the 
Foley catheter by gravity infusion or hand injection. Gravity 


Pyelotubular 


Pyelointerstitial 


FIGURE 3.14. Diagrammatic representation of the 
routes of extravasation that may be found on ret- 
rograde pyelography. (Modified from Amis ES Jr, 
Newhouse JH. Essentials of uroradiology. Boston: 
Little, Brown & Co, 1991:30, with permission.) 


FIGURE 3.15. Loopogram. Contrast material is instilled via a 
Foley catheter into the ileal conduit and refluxes up both ureters, 
thereby demonstrating the renal collecting system. 


infusion is generally preferred, so that the pressure will be lim- 
ited to the height of the bottle of contrast material. Under flu- 
oroscopic observation, contrast material fills the loop and will 
usually reflux into the ureters. The study is especially useful in 
patients with impaired renal function and serves in lieu of ret- 
rograde pyelography to exclude ureteral obstruction. 

Some conduits are fashioned to prevent reflux into the 
ureter. It is important to obtain this information prior to the 
examination so that failure to reflux contrast medium into the 
ureters is not misinterpreted as an indication of obstruction. 

Modern urinary diversion is frequently performed by fash- 
ioning an internal reservoir that stores urine and can be emp- 
tied periodically by catheterizing a continent stoma. These 
reservoirs, which are also known as neobladders, or continent 
diversions or pouches, may be orthotopic (that is, located at 
the site of a resected bladder) or may be located near the an- 
terior abdominal wall. They are usually constructed so that re- 
flux from the reservoir into the ureters is prevented. 

To examine the neobladder, the stoma should be carefully 
catheterized with a small Foley catheter. The balloon should 
be inflated carefully and slowly; inflation should cease as soon 
as gentle traction on the catheter can be performed without 
removing it; rupture of any portion of the neobladder by dis- 
tending the balloon in a narrow channel leading to the stoma 
is a complication to be avoided. The reservoir should be emp- 
tied as much as possible through the catheter, after which 
contrast should be injected under low pressure and using flu- 
oroscopic control. Spot films in posteroanterior, lateral, and 
oblique projections should be obtained and the presence or 
absence of anastomotic leaks or reflux should be documented. 
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The catheter should be removed without emptying the reser- 
voir; the patient should then perform self-catheterization be- 
fore a final film is obtained in order to see how well the reser- 
voir is emptied. Scout films should precede these 
examinations so that faintly calcified stones not be over- 


looked. 


Urethrography 


The male urethra may be visualized by filling it with contrast 
in a retrograde or antegrade fashion. Retrograde urethrogra- 
phy and voiding cystourethrography may be performed sepa- 
rately, but to evaluate the entire male urethra, both should be 
performed. 

To perform retrograde urethrography, the distal urethra 
should be occluded by a small Foley catheter or a Brodny 
clamp. To use the catheter, a 12- or 14-French Foley is in- 
serted into the urethra until the deflated balloon just disap- 
pears inside the meatus; the balloon is inflated with 1 to 2 mL 
of saline so that it distends in the fossa navicularis. Inflation 
should be performed slowly and carefully and terminated as 
soon as mild traction on the catheter does not remove it from 
the urethra. The Brodny clamp has an external plug that is in- 
serted into and seals the meatus. It is held in position by a 
padded spring clamp fitted over the glans. The catheter 
should be flushed to remove air bubbles prior to insertion into 
the meatus. 

Contrast should be injected using a 50-mL syringe under 
fluoroscopic control. The patient lies in a supine oblique po- 
sition with the dependent hip flexed; the penis is positioned 
pointing anteriorly along the flexed leg. Simultaneous fluo- 
roscopy and injection are performed until the entire anterior 
urethra is filled and radiographed. Ideally, the study should be 
dynamic; that is, filming should be performed as contrast is 
injected in order to distend the anterior urethra. Injection 
should continue until a small amount of contrast traverses the 
posterior urethra into the bladder. 

Retrograde urethrography demonstrates the anterior ure- 
thra. Even if contrast is injected under sufficient pressure to 
traverse the posterior urethra, the posterior portion is not dis- 
tended since the sphincters are contracted. To demonstrate 
the posterior urethra, voiding urethrography should be per- 
formed. 

Voiding urethrography is usually performed after the blad- 
der has been filled with contrast instilled via a urethral 
catheter, although it may also be performed by voiding opaci- 
fied urine produced during an excretory urogram. The former 
method is preferable since the contrast is much more opaque. 
If the patient voids around a small-caliber catheter (which is 
usually performed without difficulty provided there is no in- 
flated Foley balloon to occlude the internal meatus), the blad- 
der can be refilled and the patient may void several times, if 
necessary. 

For voiding urethrography, the bladder is filled with sev- 
eral hundred milliliters of contrast, or is filled until the patient 
feels bladder distention and an urge to void. The patient ide- 
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ally voids in an upright position, although the study may be 
done with the patient on a horizontal table. In any case, male 
patients should be imaged in 45° oblique position; females 
should be examined in a posteroanterior position. Fluoro- 
scopic control should be performed, and several views cen- 
tered on the posterior urethra should be obtained during 
maximal voiding. When examining male patients, it is im- 
portant to be sure that the rim of the urinal does not press on 
the penis in order to avoid the factitious appearance of an an- 
terior urethral stricture. The presence or absence of vesi- 
coureteral reflux should be documented, as should a postvoid 
view of the bladder. 

It may occasionally be necessary to perform urethrography 
in women by injecting contrast directly into the urethra. This 
procedure may be useful to diagnose urethral diverticula 
which may not opacify during voiding, or to demonstrate fis- 
tulae from the urethra. A special catheter, sometimes known 
as a “double-bubble” catheter, is necessary for this procedure. 
The catheter has a distal balloon much like that on a Foley 
catheter, and an external balloon which may either be fixed or 
may slide along the catheter, and which is used to seal the ex- 
ternal meatus. There is an opening between the two balloons 
to inject contrast into the urethra. The catheter is inserted, the 
internal balloon inflated, and the catheter is then withdrawn 
so that the internal balloon is firmly seated at the internal 
meatus and the external balloon is inflated and pressed firmly 
against the external meatus. Several milliliters of contrast are 
then injected under fluoroscopic control; contrast distends 
the urethra under pressure and will fill any diverticulum or fis- 
tula that extends from it. 


CAVERNOSOGRAPHY 


Corpus cavernosography—radiography of the contrast-filled 
corpora cavernosa—is occasionally performed to evaluate 
Peyronie’s disease, penile fracture, priapism, or erectile dys- 
function. 

The examination is performed by direct needle puncture 
of the corpus. The puncture site is on the dorsolateral aspect 
of the penis just proximal to the glans; although local infiltra- 
tion with 1% lidocaine may provide anesthesia, the pain of in- 
filtration may be greater than that of a single needle puncture 
with no anesthesia. In any case, a 21- or 23-gauge butterfly 
needle is inserted into one of the corpora using a quick thrust 
to assure puncture of the tunica albuginea. A test injection of 
dilute contrast will confirm the intracorporeal location of the 
needle tip. Under fluoroscopic guidance, additional dilute 
contrast material is injected until the bodies of both corpora 
are opacified; unilateral injection is sufficient since there are 
multiple anastomoses between the two corporal bodies. 
aneteroposterior and/or oblique films may be obtained. 

Until recently, cavernosography was often combined with 
functional studies to determine whether organic impotence 
might be due to arterial insufficiency or to excessive leak of 
blood from the corporal sinusoids. Infusion of contrast or 
saline at graded rates can assess the flow rates necessary to 


maintain an erection; presumably, patients whose abnormal- 
ity is excessive venous leak would require higher flow rates to 
maintain an erection. Rapid detumescence following cessa- 
tion of an infusion, or diminished response to vasodilators 
such as papaverine, phentolamine, and prostaglandin E-1 
were also interpreted as reflecting venous, rather than arterial, 
insufficiency. The introduction of oral sildenafil (V: iagra), and 
other erection-enhancing pharmacologic agents, have re- 
duced the need for penile vascular assessment, so the diagnos- 
tic use of cavernosography in impotent patients has waned. 


Vasography 


A seminal vesiculogram is an operative procedure in which 
the vas deferens is cannulated through a small incision in the 
scrotum. Contrast medium injected into the vas demonstrates 
the course of the vas and its ampulla, the ejaculatory duct, and 
the seminal vesicle, which is opacified as contrast refluxes into 
it from the ejaculatory duct. It is occasionally performed to in- 
vestigate male infertility or painful ejaculation. 


ULTRASONOGRAPHY 
Renal Sonography 


There are a variety of uses for renal ultrasound. The technique 
may: 


distinguish cystic from solid, space-occupying renal lesions 
when urography detects them, diagnose a variety of renal cys- 
tic lesions; 

assess morphology, renal parenchymal volume, and 
echogenicity in patients with medical renal disease; 

act as a screening modality for renal arterial stenoses and 
venous thrombosis; 

provide a semi-quantitative estimate of renal blood flow in 
native and transplant kidneys; 

detect and characterize perirenal masses and fluid collec- 
tions; 

detect and characterize nonfunctioning kidneys when 
urography or nuclear studies fail to do so; 

act as the initial imaging modality for patients with renal 
failure; 

be the first examination of the urinary tract in children in 
whom morphologic abnormalities are suspected or who have 
probable abdominal masses; and 

act as the initial urinary tract screening technique in pa- 
tients who have contrast material contraindications and can- 
not undergo urography. 


In addition, renal ultrasound may also provide morpho- 
logic assessment of kidneys with hydronephrosis, may depict 
both opaque and nonopaque stones in the collecting system, 
and assess nephrocalcinosis. Sonography can be used as a 
guidance technique for a variety of invasive procedures, in- 
cluding antegrade pyelography, percutaneous nephrostomy, 
percutaneous renal biopsy, and percutaneous abscess 
drainage. 


Although there are many indications for renal sonography, 
there are limitations to the examination. Obese patients, 
those with abdominal dressings, and those with a large 
amount of intraabdominal air may be difficult to examine. 
The quality of the examination varies tremendously with the 
experience of the sonologist. Finally, with the exception of as- 
sessment of flow velocity by Doppler examination, renal ul- 
trasound remains a morphologic, rather than a functional, 
technique. 

The kidneys are usually examined with the patient in the 
supine or supine oblique position. Anterior or anterolateral 
transducer positions enable the right kidney to be well visual- 
ized through the liver and the left kidney through the spleen. 
Deep inspiration may move the kidneys inferiorly for im- 
proved visualization; occasionally an intercostal transducer 
position may be useful. The prone position is rarely used but 
may occasionally provide reasonable visualization of the kid- 
neys. 

Transducer frequency should be chosen to match the pa- 
tient’s habitus: the frequency should be as high as possible but 
still permit detailed visualization of renal structures. Static im- 
ages should document all aspects of both kidneys in the axial 
and transverse planes. If the reason for examination requires 
visualization of particular features, these should be docu- 
mented even if normal, and each examination should ideally 
be monitored by a radiologist. 


Doppler Sonography 


Three types of Doppler ultrasound instruments are available: 
continuous wave devices, which are usually not used in radi- 
ologic practices, pulsed duplex, and color flow instruments. 
Pulsed-duplex devices allow the display of flow in a small area 
on a corresponding gray-scale image as a continuous time-ve- 
locity wave-form (Fig. 3.16). With a color flow device, a 
color-encoded Doppler signal is superimposed upon a gray- 
scale image, in which red is used to indicate flow toward the 
transducer (Fig. 3.17) and blue to indicate flow away from the 


FIGURE 3.16. Pulsed duplex ultrasound. The Doppler gate is po- 
sitioned over the renal artery (arrow). The resulting wave-form is 
displayed below the gray-scale image. 
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FIGURE 3.17. Color Doppler image showing arterial flow (red) 
in the renal artery. 


transducer; paler and deeper hues represent higher and lower 
velocities, respectively. A color flow device can display the 
flow over a larger area of the image, unlike the pulsed-duplex 
device. A modification of standard color Doppler ultrasound, 
called “power Doppler” offers extended dynamic range (albeit 
at the loss of directional information) and can demonstrate 
tissue perfusion that a standard color Doppler image might 
not visualize. 

Applications of Doppler imaging in uroradiology include 
the evaluation of renal transplants, the search for perfusing 
vessels in space-occupying renal lesions, the detection of arte- 
riovenous fistulae, the assessment of renal artery stenosis and 
occlusion, renal vein thrombosis, evaluation of suspected 
scrotal lesions such as torsion, tumors, inflammation, and 
varicoceles, and evaluation of ureteral obstruction by assessing 
intravesicular ureteral jets (Fig. 3.18). 


FIGURE 3.18. Ureteral jet. A transverse image of the bladder 
showing a jet of urine (red) from the ureteral orifice. 
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Bladder Sonography 


A full bladder is well visualized using a transabdominal ap- 
proach; the bladder should be filled for ideal examinations; 
this can usually be accomplished with oral fluids and void- 
ing restriction, but may require bladder filling via a catheter 
in anuric patients. The transducer is placed in the suprapu- 
bic region and angled appropriately for representative axial 
and transverse views of the bladder. The gain control should 
be adjusted to make urine anechoic. 

Bladder ultrasound may detect bladder stones, foreign 
bodies, and diverticula, and may be used to assess prostate 
size. Bladder tumors may also be identified, but ultrasound 
is not sufficiently sensitive in detecting small flat tumors to 
exclude a bladder neoplasm. Extravesicle fluid collections 
and masses may also be demonstrated. The bladder volume 
may be reasonably well approximated from width, length, 
and depth measurements using the following formula: 


Bladder volume = 0.7 (W X H X D) 


Such estimation of bladder volume is accurate within ap- 
proximately 20% of renal volume, which is considered ac- 
ceptable; it is most often used to estimate postvoid residual 
volumes. 


Prostate Sonography 


Ultrasound of the prostate is most frequently used as a 
biopsy guide for patients in whom digital rectal examination 
or prostate-specific antigen (PSA) levels suggest prostate car- 
cinoma. It is less frequently used as a purely diagnostic 
modality; despite extensive investigation, it has not been 
found to be sufficiently sensitive or specific to screen for 
prostate cancer. As a biopsy guide, it is used both to guide 
the biopsy device into specific sections of the prostate whose 
ultrasound appearance suggests tumor, and to assure that 
random biopsies sample tissue from several (often six) sepa- 
rate areas of the gland. It is useful to detect seminal vesicle 
masses and cysts. It can also be used to diagnose less com- 
mon prostate conditions, such as abscesses, cysts, and utric- 
ular abnormalities. Occasionally, ultrasonographic esti- 
mates of the prostate volume may be useful to assess the 
efficacy of medical therapy for benign prostate enlargement 
and to determine PSA density. 

Prostate ultrasound is performed with an intrarectal 
probe. Transducers are high frequency (often 7 MHz) and 
should be able to provide both transverse and longitudinal 
images from the same probe. A series of transverse images 
that extend from the base of the prostate and seminal vesi- 
cles inferiorly to the apex are obtained. Sagittal and angled 
sagittal images should also be acquired to display the gland 
in longitudinal views. 

The focal abnormalities, which may represent prostate 
carcinoma and which are biopsied using transrectal ultra- 


sound guidance, are usually in the peripheral zone of the 
prostate, where most prostate cancers arise, and are usually 
relatively hypoechoic with respect to surrounding tissue. 


Gynecologic Sonography 


Gynecologic ultrasound may be performed either transab- 
dominally or transvaginally. Transperineal and rectal probes 
have been used for special circumstances, but are not part of 
routine procedures. 

In each case, the patient is examined supine. 
Occasionally, slight elevation of the upper body improves 
pelvic visualization if there is ascitic fluid that may pool in 
the pelvis. The legs are comfortably straight for transab- 
dominal examinations and in a lithotomy-type position for 
transvaginal scans. The bladder should be filled to act as an 
acoustic window for transabdominal examinations, and 
empty to reduce discomfort for transvaginal sonography. 

For most adults, transabdominal exams are best begun 
with a 3.5-MHz probe; for relatively small patients and su- 
perficial structures, higher frequencies may be used. 
Transvaginal probes usually operate within the 5 to 7.5- 
MHz range. 

Multiple views are required for complete gynecologic ex- 
amination. Variations in body habitus, uterine orientation, 
and ovarian location and mass size determine the best com- 
bination of transducer locations, imaging plane directions, 
and orientations. For transabdominal ultrasound, sagittal, 
parasagittal, and angled sagittal views are often useful to 
demonstrate the uterus along its main axis. Transverse and 
angled transverse views depict the uterus in various sections 
across its main axis; clearly, transducer location and direc- 
tion, and uterine position and flexion offer a large variety of 
combinations for longitudinal and axial views of the uterus. 
The adnexal regions are often seen best in transverse views; 
the transducer may be rotated for angled or sagittal views that 
include adnexal structures once they have been identified. If 
masses originating in the pelvis extend cephalad to any de- 
gree, the transducer must be moved along the abdominal sur- 
face in order to construct views of the entire structure. 

During transvaginal ultrasonography, sagittal views are 
often useful to demonstrate the uterus along its longitudinal 
axis. Positioning the transducer head in the vaginal fornix 
often permits a visualization of the uterine fundus and body; 
withdrawing the transducer head slightly may permit better 
visualization of the lower uterine segment and cervix. The 
position of the uterus and adjacent structures may be 
changed by abdominal palpation to move them into a bet- 
ter position for transvaginal depiction. As the transducer is 
rotated 90° to produce a coronal or angled coronal view, the 
adnexal regions may be scanned more easily; the ovaries can 
often be detected by angling the stem of the transducer to 
each side and angling the coronal imaging plane so that it 
sweeps anteriorly to posteriorly and scans through the entire 
adnexal region. 


Scrotal Sonography 


Ultrasound has become the primary imaging technique for 
diagnosing testicular and other scrotal abnormalities in in- 
fants, boys, and men. It can accurately distinguish extrates- 
ticular from testicular lesions, and diagnose tumors, inflam- 
mation, trauma, vascular abnormalities, cysts, and fluid 
collections. 

A high-frequency (7.5-12 MHz), short-focused trans- 
ducer should be used. The patient is placed supine, and the 
scrotum may be supported between the thighs on a towel or 
tape. Transverse and longitudinal views should be obtained; 
when the testes are asymmetric, a transverse view showing 
the echo pattern of both testes simultaneously is often use- 
ful. If a testis is not in a normal position, it should be sought 
in or near the inguinal canal, and if there is evidence of a 
testis tumor, ultrasound of the retroperitoneum at the level 
of the kidneys should be attempted even though CT is 
clearly the best modality for seeking nodal metastases. Any 
testicular lesion or abnormality should be insonated using a 
color Doppler technique; when perfusion abnormalities are 
of major concern, care should be taken to display both testes 
with the same settings so that asymmetry may be visualized 
on static images. 


COMPUTED TOMOGRAPHY 
Urologic Computed Tomography 


Computed tomography (CT) has become a major imaging 
technique for many urinary tract diseases and is largely re- 
sponsible for the decline in the use of excretory urography. 
CT can be used either as a primary imaging modality or as 
a problem-solving technique for a wide variety of lesions, in- 
cluding tumors, trauma, vascular abnormalities, cystic dis- 
ease, obstruction, postoperative complications, congenital 
anomalies, and certain metabolic diseases. 

No single imaging protocol will serve all purposes. With 
continuous acquisition scanners, contiguous images are ob- 
tained. A pitch of 1 is ideal; 1.5 is satisfactory unless very 
fine detail is required. For the adrenal gland, precontrast im- 
ages are needed to diagnose a lipid-rich adenoma. 
Precontrast images are also required for assessment of en- 
hancement of a renal mass lesion. The exact timing of imag- 
ing after intravenous contrast administration is not crucial, 
but two postcontrast series images, one obtained several 
minutes after injection, may be useful to determine contrast 
enhancement and washout. 

Ideally, a power injector should be used for intravascular 
contrast media administration. A dose of 120 to 150 mL 
injected at 2 to 4 mL/min is appropriate, as is a delay of 50 
to 60 seconds from the onset of the injection. For the eval- 
uation of the kidneys, precontrast images should be ob- 
tained. Although oral contrast is seldom necessary to exam- 
ine the urinary tract, it should be administered in order to 
avoid the occasional confusion of bowel loops with masses 
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and other structures. To investigate hydronephrosis, renal 
trauma, and congenital anomalies, postcontrast images usu- 
ally suffice. If a short delay is used, only the cortex may be 
opacified, and small intrarenal masses may be difficult to 
distinguish from unopacified medullary pyramids. When 
searching for small masses, therefore, a second series of im- 
ages obtained 1.5 to 2 minutes after injection, is useful. To 
evaluate intraluminal soft-tissue masses in the collecting sys- 
tem, scans at least 5 minutes after contrast injection, during 
which time the collecting system should be opacified, are 
useful. 

In patients suspected of having colic from acute ureteral 
stones, an examination using neither oral nor intravenous 
contrast is becoming standard. Thin (no more than 5 mm) 
contiguous slices should be obtained from the upper renal 
poles to the bladder floor. If it is not clear whether a small 
calcification is a ureterovesicle junction stone or a stone that 
has passed into the bladder, scans through the bladder ob- 
tained in the prone position may be helpful. 

Retroperitoneal masses and lymphadenopathy should be 
evaluated with contiguous images. Intravenous contrast is 
administered to help to distinguish vessels from lymph 
nodes, but in most patients the differentiation may be ac- 
complished by anatomic analysis alone. 

CT of the bladder seldom requires opacification of the 
lumen. Occasionally, bladder lacerations or fistulae may be 
displayed by gently distending the bladder with dilute con- 


trast administered via catheter. 


Computed Tomographic Angiography 


CT angiography (CTA) of the renal arteries may be per- 
formed to evaluate potential renal donors, to search for re- 
nal artery stenosis, and to assess the vascular supply of trans- 
planted kidneys. A fast bolus of contrast is required; 120 mL 
(or more) administered at 4 mL per second is a commonly 
used dose. For young, healthy patients, a delay of 20 seconds 
from the beginning of injection to the beginning of scan- 
ning is appropriate. This delay may be increased to 30 or 
more seconds for patients who are elderly or have reduced 
cardiac output, or for imaging pelvic vessels. Two millime- 
ter collimation should be used; for donor evaluation, the 
scanned region should extend from the most superior upper 
renal pole to the most inferior lower pole in order to include 
all sites of possible accessory renal vessels. Although maxi- 
mum intensity projection (MIP) reconstructions are most 
useful and accurate for analysis, inspection of the original 
images may reveal small accessory renal arteries or details of 
stenotic regions that refine the ultimate assessment of the 
vasculature. 


Gynecologic Computed Tomography 


CT performed to diagnose and evaluate gynecologic condi- 
tions should consist of images collimated to 5 to 8 mm. 
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These should be reconstructed as contiguous slices if a spi- 
ral scan is obtained; contiguous slices should be obtained if 
nonspiral CT is used. Although reconstructions in the sagit- 
tal, coronal, or angled planes are feasible, they are not nec- 
essary on a routine basis. 

Oral contrast administered in sufficient volume and time 
prior to the examination to opacify the entire small bowel 
should be standard for all non-emergency scans, since opaci- 
fied fluid-filled loops of pelvic small bowel may be difficult 
to distinguish from cystic or even small solid pelvic masses. 
In adults, the colon can usually be identified and it is not 
necessary to wait until oral contrast opacifies the entire large 
bowel. 

Intravenous contrast is often required for a variety of rea- 
sons, including the delineation of uterine fibroids, assess- 
ment of volume and perfusion of other uterine or adnexal 
tumors, distinction of vessels from lymph nodes, and 
demonstration of venous thrombi. If both the abdomen and 
pelvis are to be scanned, contrast is frequently administered 
according to a protocol chosen to optimize hepatic opacifi- 
cation, with examination of the pelvis following the upper 
abdominal images as soon as possible. If only the pelvis is ex- 
amined, scan timing may be designed to optimize arterial 
and early parenchymal enhancement of pelvic structures: 
150 cc of 60% contrast should be administered at 2 mL/sec, 
with the pelvic scans beginning 50 or 60 seconds after initi- 
ation of the injection. If venous opacification is required, 
images obtained 2 or 3 minutes after administration of con- 
trast are useful. It is seldom necessary to opacify the ureters 
or bladder, though they are usually opacified 5 minutes af- 
ter injection of contrast. It is very rarely necessary to opacify 
the entire bladder lumen, but examining the patient with a 
partially or completely filled bladder may make analysis of 
pelvic anatomy easier, especially in children and in patients 
who do not have sufficient fat to outline the pelvic organs. 
When a hemorrhagic lesion or clot is suspected, precontrast 
images may aid in distinguishing blood from opacified vi- 
able tissue. 

Primary imaging of the prostate is rarely accomplished by 
CT, but when unusual lesions like small utricular cysts or 
abscesses are sought, contrast-enhanced images may be 


helpful. 


MAGNETIC RESONANCE IMAGING 


The recent profusion of MR protocols, with the variety of 
pulse sequences, orientations, and contrast administration 
combinations that have become available, have far out- 
stripped the number of careful comparative trials that would 
be necessary to select the best techniques for each clinical 
indication. Nevertheless, some general principles have 
evolved that permit the tailoring of effective and efficient 
protocols for many situations. 


Urologic Magnetic Resonance Imaging 


MR of the adrenal glands is usually performed with T1- 
weighted and T2-weighted spin echo images without para- 
magnetic contrast agents. Coronal (Fig. 3.19) or transverse 
images may be satisfactory; coronal or sagittal views are valu- 
able when distinction of adrenal from upper pole renal 
masses is difficult. When searching for small adrenal masses, 
thin slices may be necessary. When an adenoma is sus- 
pected, gradient-echo images with TE values chosen to 
make lipid and water signals in phase (even multiples of 
2.24 milliseconds at 1.5 T) and out of phase (odd multiples 
of 2.24 milliseconds at 1.5 T) (Fig. 3.20) are used. 

MRI of the kidneys may initially be performed in coro- 
nal or transverse planes. T1-weighted spin echo (Fig. 3.21) 
and T2-weighted spin echo (Fig. 3.22) or fast spin echo im- 
ages should be acquired. Some authors prefer fat-saturation 
for T2-weighted and T1-weighted gadolinium-enhanced 
images. Dynamic images may be obtained by a series of T1- 
weighted gradient-echo images obtained during a breath 
hold before, immediately after, about a minute after, and 
several minutes after administration of gadolinium-based 
contrast medium (Figs. 3.23, 3.24). 

MRI urograms—that is, images that reveal the collecting 
systems, ureters, and bladder—may be performed by using 
strongly T2-weighted gradient-echo coronal images with fat 
saturation subjected to maximum-intensity projection to 
produce a urogram in a manner similar to that used for per- 
forming MR cholangiography. 

MRI of the prostate requires an intrarectal surface coil for 
high-resolution images. Coil positioning is important: the 
inflated balloon that contains the coil must be seated against 
the anal verge and prevented from moving into the rectosig- 
moid by a stop placed around the device at the perineum. 
The coil must be oriented in a coronal plane and be applied 
to the anterior rectal wall. 

Images 3 to 4 mm thick, either contiguous or separated 
by no more than 1 mm, should be obtained. Spin-echo or 
fast spin-echo sequences are used; gradient-echo images lack 


FIGURE 3.19. Coronal T1-weighted images through normal 
adrenal glands (arrows). The limbs are well outlined by bright 
retroperitoneal fat. 
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FIGURE 3.20. Gradient-echo image of an adrenal adenoma. A: In-phase image. The adrenal mass 
is minimally more intense than the adjacent spleen. B: Out-of-phase. The adrenal mass is consid- 


erably darker than the adjacent spleen. 


sufficient spatial resolution. Transverse T 1-weighted images 
provide a view of the periphery of the prostate and neu- 
rovascular bundles, and depict postbiopsy bleeding in the 
gland or in the lumina of the seminal vesicles. T2-weighted 
images (Fig. 3.25) should be obtained in three orthogonal 
planes; some authors prefer to repeat one of the T2- 
weighted series using fat saturation. 

MRI of the scrotum should be performed using a circu- 
lar surface coil. The scrotum is elevated from the thigh with 
tape. The surface coil, whose inner diameter should be 
slightly larger than that of the scrotum, is placed anterior to 
the scrotum in the coronal plane and pressed gently onto the 
scrotum with tape or a cloth band. Coronal and sagittal T1- 


FIGURE 3.21. T1-weighted spin-echo image of normal left kid- 
ney. Corticomedullary differentiation is well seen. 


weighted and T2-weighted spin-echo (Fig. 3.26) or fast 
spin-echo images, 3- to 4-mm thick, should be obtained. It 
is usually sufficient to limit the T1-weighted images to one 
plane and reserve multiplanar or imaging for the T2- 
weighted series. MR of the scrotum is not in common use 
when acute torsion is suspected, but if testicular perfusion 
needs to be assessed, T1-weighted images following intra- 
venous administration of gadolinium-based contrast 
medium may be useful. Fat saturation is seldom necessary. 


Gynecologic Magnetic Resonance Imaging 


In many cases the examination may be limited to the pelvis. 
However, the upper abdomen should be examined as well 
whenever there may be renal anomalies, upper abdominal 
metastatic disease, or when ureteral obstruction may pro- 
duce hydronephrosis. 


FIGURE 3.22. T2-weighted spin-echo image of normal kidneys. 
The parenchyma is bright, and no corticomedullary distinction is 
visible. The patient has a large gallstone (dark oval). 
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FIGURE 3.23. Normal kidneys. A: T1-weighted gradient-recalled-echo image. B: There is en- 
hancement of the renal cortex after the intravenous administration of gadolinium-diethylenetri- 
aminepentaacetic acid. 


FIGURE 3.24. Renal cyst. A: The cyst has a low signal intensity on this T1-weighted spin echo im- 
age. B: Following the intravenous administration of gadolinium-diethylenetriaminepentaacetic 
acid 0.1 mmol/kg, the renal parenchyma enhances but the cyst does not. 


FIGURE 3.25. Prostate carcinoma. A low-intensity region (ar- 
rows) is seen in the peripheral zone on the right side of the gland. 


FIGURE 3.26. Normal testes. Transverse T2-weighted spin echo 
image of the scrotum. The testes are homogeneous; one appears 
slightly brighter than the other since a surface coil is used. A small 
hydrocele is present on the left, which surrounds and outlines 
portions of the epipididymis. 


Respiratory motion is usually less evident in the pelvis 
than in the upper abdomen. Respiratory gating, using a bel- 
lows-type sensor may be used, or a belt may be placed over 
the lower abdomen to reduce motion of the anterior ab- 
dominal wall. 

A variety of coils may be used. A standard body coil may 
be sufficient, but better signal, and hence better spatial de- 
tail, may be obtained (at the cost of non-uniform signal sen- 
sitivity) using sandwich-type coils applied to the anterior 
and posterior surfaces of the pelvis, a belt containing 
phased-array surface coils, or even, for detailed views of the 
cervix, endovaginal surface coils. 

Initial images may use extremely rapid gradient-echo 
techniques, whose exact parameters vary by manufacturer, 
in order to provide a background against which to orient 
other scans. Virtually all examinations have at least one T1- 
weighted image set acquired; these are often in the trans- 
verse plane and are usually a standard spin-echo technique. 
There is little to be gained by using a fast spin-echo tech- 
nique or gradient-echo technique for these images. 
Saturation bands may be placed above and below the image 
volume to reduce flow-related signals from large vessels. Fat 
saturation is seldom necessary, but may be helpful when 
searching for small endometriomas. T'1-dependent images 
may be repeated after administration of the gadolinium- 
based paramagnetic agents in cases in which it is important 
to distinguish the exact depth of invasion of endometrial or 
cervical malignancies, and when the volume of perfused tis- 
sue in adnexal neoplasms needs to be assessed. Gadolinium- 
enhanced T1-weighted images are sometimes easier to in- 
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terpret by adding fat saturation; fat saturation is best per- 
formed by a frequency selective method rather than a short 
T1 inversion recovery (STIR) technique. 

T2-weighted images are a crucial part of nearly every 
pelvic MR examination. Fast spin-echo images are com- 
monly used; they are distinctly faster than standard spin- 
echo images, and, although there are slight contrast differ- 
ences from standard spin-echo images, there is no 
significant change in information. Gradient-echo T2- 
weighted images can acquire scans faster, but since motion 
artifact is usually not a problem in pelvic MRI, breath-hold 
techniques are seldom necessary, and since intravenous con- 
trast media are not used, the diminished signal-to-noise ra- 
tios of gradient-echo images need not be incurred. 

Orientation of T2-weighted images may vary according 
to the clinical problem, and often two or even more sets may 
be acquired. Transverse images are commonly obtained. 
When the morphology of the endometrial cavity is to be in- 
vestigated, as in patients with uterine duplication anomalies, 
an angled view in which the slices are parallel to the long axis 
of the uterus, and in which at least one slice contains both 
cornua, is of value. Sagittal views are often useful to demon- 
strate the urethra and vagina and rectovaginal septum; coro- 
nal views are useful to assess pelvic sidewall invasion by gy- 
necologic malignancies and to delineate the pelvic floor 
musculature. Superior and inferior saturation bands are use- 
ful, and fat saturation may be used to help identify small 
fluid collections, tumors, or areas of inflammation, and to 
identify lesions such as ovarian dermoids which may be di- 
agnosed by demonstrating that they contain fat. All T2- 
weighted images should be completed before gadolinium is 
administered for T1-weighted images. 


ANGIOGRAPHY 


The use of diagnostic x-ray angiography has been declining 
as cross-sectional imaging techniques have become more re- 
fined, and as CT and MR angiography have become more 
widely used. Catheter angiography is still useful in certain 
circumstances, including evaluation of renal donors in cases 
in which CT and MR angiography are technically inade- 
quate, as the initial step in performing angioplasty and ther- 
apeutic embolization, and as a preoperative procedure in pa- 
tients who are to have complex procedures such as resection 
of small renal masses or bench surgery. Rarely, angiography 
is necessary to diagnose arteritides when the vascular abnor- 
malities occur in vessels too small to be seen by noninvasive 
techniques. 


Arteriography 


A 5-French catheter is appropriate for most diagnostic pro- 
cedures; a smaller one may be used for digital techniques 
and larger diameters may be required for interventional pro- 
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cedures. An initial femoral puncture is preferred; occasion- 
ally, a brachial artery approach may be necessary. 

Demonstration of the main renal artery usually begins 
with an aortogram. To demonstrate the renal artery orifices 
well, slightly oblique patient positions may be necessary. A 
pigtail catheter is usually used. The end of the catheter may 
be placed at, slightly above, or slightly below the renal artery 
origins; a more superior position is more likely to opacify 
branches to the upper poles, but also more likely to opacify 
the superior mesenteric and celiac vessels, branches of which 
may overlie the renal vasculature. Selective arterial catheter- 
ization may be performed using a catheter with a simple J 
hook; a specific renal curve, the Mikaelson curve, and the 
visceral cobra curve are other popular shapes. The renal ar- 
teries should be catheterized as gently as possible; excessive 
manipulation of the catheter within them may dislodge 
atherosclerotic plaques or cause vascular spasm resulting in 
focal perfusion abnormalities. 

Selective adrenal arteriography is demanding since the 
adrenal arteries are small. The easiest adrenal artery to 
opacify is the superior adrenal artery, which arises from the 
inferior phrenic artery; catheterization and injection of the 
inferior phrenic artery is sufficient to demonstrate this. The 
inferior adrenal artery arises from the superior aspect of the 
renal artery and selective catheterization of the renal artery is 
sufficient since renal and adrenal branches do not overlap 
enough to interfere with visualization. The middle adrenal 
artery is very small, and usually not individually catheterized. 


Venography 


Diagnostic venography is rarely necessary since ultrasound, 
CT, and MRI are so frequently able to demonstrate the re- 
nal veins and their abnormalities. Occasionally, however, 
the renal veins must be catheterized in order to acquire 
blood samples for renin assay in patients suspected of hav- 
ing renal vascular hypertension. Access to the renal veins is 
usually gained through the right femoral vein, although the 
left femoral vein or an antecubital vein may be catheterized 
if necessary. 

Adrenal venography is occasionally needed to identify an 
autonomous hyperfunctioning adrenal tumor. Selective 
catheterization of the left adrenal vein may be accomplished 
through the femoral and left renal veins. The left adrenal 
vein joins the inferior phrenic vein, which enters the supe- 
rior aspect of the left renal vein just to the left of the verte- 
bral body. This vein can be catheterized with a variety of 
catheters, but a double-curved catheter specifically designed 
for this purpose is available. The right adrenal vein is more 
difficult to catheterize since it is small and has a variable en- 
trance directly into the inferior vena cava. A Mikaelson or 
sidewinder catheter is often useful. 

Gonadal venography may be used as part of occlusion 
therapy for a varicocele or to identify the pampiniform 
plexus of an undescended testis. A visceral cobra catheter is 


often used. Since the left gonadal vein enters the inferior 
surface of the left renal vein, it is usually easy to find. The 
right gonadal vein enters the inferior vena cava below the 
level of the renal vein, usually at L2 or L3. 


HYSTEROSALPINGOGRAPHY 


Examination of the lumina of the uterus and fallopian tubes 
by opacifying them with contrast media provides valuable 
information in a number of clinical circumstances. These 
include primary and secondary infertility, repeated sponta- 
neous abortions, suspected congenital abnormalities, preop- 
erative planning for myomectomy, postoperative evaluation 
of tubal anastomosis (e.g., evaluating effectiveness of tubal 
ligation or tubal anastomatic surgery), and evaluating uter- 
ine synechiae. The procedure can also be used as the initial 
part of image-guided tuboplasty. The examination is con- 
traindicated in patients who are or might be pregnant, who 
are actively menstruating, who have active pelvic inflamma- 
tory disease, or who have recently undergone uterine or 
tubal surgery. The examination is usually not used to evalu- 
ate postmenopausal bleeding; in this circumstance, exami- 
nation of endometrial tissue obtained by endometrial biopsy 
or curettage is usually necessary; imaging with ultrasound or 
MRI may complement biopsy procedures. 

In order to avoid imaging pregnant patients, the exami- 
nation should be limited to the interval that begins at the 
end of active menstrual bleeding and that does not extend 
beyond 10 days after the onset of menses. Occasionally, ul- 
trasound or serologic pregnancy tests may be indicated to 
exclude pregnancy. 

The examination should always be performed under flu- 
oroscopic control. The procedure, along with its risks and 
benefits, should be explained carefully to each patient; a 
clinical history is very helpful in interpreting the imaging 
findings. 

The patient is instrumented in a lithotomy position, af- 
ter which the legs are lowered from the stirrups to the table 
in order to permit careful fluoroscopy. A speculum is used 
to visualize the external cervical os which is then swabbed 
with an antiseptic solution. A variety of devices may be used 
to cannulate the external os. The oldest, and still frequently 
used, technique is to grasp a lip of the cervix with a tenacu- 
lum; traction is then applied to the uterus to pull the cervix 
into a longitudinal position and make the os visible for can- 
nulation. A cannula surrounded by an acorn-shaped cone is 
then inserted into the os; the cannula and tenaculum may be 
fixed together so that both instruments can be controlled 
with one hand. Alternatively, a small Foley catheter (e.g., 8 
French) may be inserted into the cervical os until the bal- 
loon just disappears from view; the balloon is slowly inflated 
with several cubic centimeters of water or saline until mild 
traction can be applied to the catheter without dislodging it. 
Specially designed hysterosalpingography balloon catheters 


are available; these are equipped with a stop device close to 
the balloon which prohibits the catheter from sliding into 
the uterine fundus. Finally, a vacuum-suction device is 
available, in which a coaxial cannula is used whose inner lu- 
men connects to a conical rubber tip and whose outer lumen 
is continuous with a cup-shaped device that fits over the 
cervix; the vacuum applied through the outer lumen at- 
taches the cup firmly to the cervix, which in turn holds the 
cannula within the lumen. 

Choice of injecting device is often a matter of the prefer- 
ence and experience of the operator. The tenaculum method 
may be the most painful (although a quickly applied tenac- 
ulum usually does not cause severe pain, and the balloons 
and suction devices of the other techniques may produce 
discomfort as well), but permits greatest control of uterine 
position. The Foley catheter technique may be the most 
comfortable, but permits relatively little control of uterine 
position, and, since the expanding balloon may slide into 
the fundus, may not permit opacification of the lower uter- 
ine segment and endocervical canal. Whichever device is 
chosen, the injecting lumen should be carefully flushed; in- 
jected bubbles may occlude the uterine cornua and produce 
the appearance of tubal occlusion when none exists. Since 
oily contrast media may enter uterine veins and cause pul- 
monary emboli, water-soluble iodinated media are prefer- 
able. Systemic contrast reactions after absorption of contrast 
from uterine veins are exceedingly rare. 

The examination is performed with careful fluoroscopic 
control. Early in the injection spot images may reveal small 
synechiae or endometrial filling defects which may later be- 
come obscured as the endometrial cavity becomes more dis- 
tended. With continued injection of contrast, fluoroscopic 
observation should dictate the choice of spot images to show 
the configuration of the endometrial cavity and the anatomy 
of the tubular lumina. A relatively slow injection of contrast 
will diminish discomfort; uterine musculature is sensitive to 
stretch, and may produce pain if intraluminal pressure is in- 
creased. However, an extremely slow injection may produce 
the factitious appearance of unilateral tubal occlusion if the 
resistance of flow along the tubes is asymmetrical. To be 
sure that a tube is occluded, contrast should be injected 
rapidly enough to produce discomfort which shows that en- 
dometrial pressure is sufficiently elevated to force contrast 
through patent tubes. The volume of contrast necessary 
varies a great deal: congenitally small endometrial cavities or 
those occlused by synechiae may require no more than 3 or 
4 cc to be completely filled, whereas cavities enlarged by in- 
tramural fibroids may require several dozen cubic centime- 
ters before they and their fallopian tubes are completely 
opacified. 

Posteroanterior and oblique views should be obtained, 
especially if a cannulation technique is used that does not 
permit uterine traction. As contrast flows from the fimbri- 
ated ends of the tubes into the peritoneal cavity, its collec- 
tion within the peritoneal space should be documented on 
spot films as well. 
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FIGURE 3.27. Venous intravasation. Multiple uterine veins are 
opacified on this hysterosalpingogram. The tubes are not visual- 
ized. 


Complications of the procedure include pain, both dur- 
ing the injection and afterward; the latter is presumably due 
to peritoneal irritation by the contrast, which may last for 
several hours to a day or more. Fever may appear in patients 
who have inflammatory disease that has not been diag- 
nosed by a preliminary history and physical examination; 
this may require antibiotic treatment. Contrast may enter 
uterine veins (Fig. 3.27) in patients who have uterine mural 
abnormalities (such as fibroids or adenomyosis), in patients 
with tubal occlusive disease in whom the endometrial con- 
trast pressure is elevated, and even in normal patients. 
Intravasation of contrast is not clinically significant unless it 
is accompanied by infection, in which case, generalized sep- 
sis may occur. The absorbed contrast may be excreted and 
permit a sort of excretory urogram. 


RADIONUCLIDE EXAMINATIONS 


The biodistribution of a small amount of radiotracer in- 
jected intravenously and detected with an external scintilla- 
tion counter forms the basis for radionuclide evaluation of 
the urinary tract. Modern radiopharmaceuticals often pro- 
vide information about the urinary tract at a radiation dose 
well below a number of common radiologic procedures. 
Because the information is quantifiable and can be acquired 
by computer, the information can be stored, manipulated, 
and analyzed in detail. The most common scintillation de- 
tector used today is the gamma camera fitted with a crystal 
that is large enough to analyze both kidneys simultaneously. 

Technetium-99m-diethylenetriaminepentaacetic acid 
°™Tc-DTPA) is useful for evaluation of renal perfusion as 
well as for imaging the kidneys and the urinary tract. A small 
percent of this radiopharmaceutical is protein-bound, but 
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the majority is excreted by glomerular filtration without sig- 
nificant tubular resorption or secretion. Approximately 
90% of an injected dose of DTPA is excreted within 4 
hours. Because it can be administered in relatively large 
(millicurie) amounts, the arrival of the tracer can be docu- 
mented on camera images made every 2 or 3 seconds. In this 
fashion, a “radionuclide angiogram” can be obtained (Fig. 
3.28). Since DTPA is cleared so rapidly from the kidneys, it 
is not suitable as a cortical imaging agent. 

Technetium-99m-dimercaptosuccinic acid (99mTc- 
DMSA) is cleared from the kidney slowly. Approximately 
50% of the injected dose remains in the renal cortex 6 hours 
after injection. DMSA is of particular value when high-res- 
olution images of the renal cortex are needed and when lit- 
tle information about the excretion of the material is de- 
sired. Only about 15% of the dose of DMSA is excreted in 
the urine, and there is significant excretion of this agent by 
the liver as well. Because there is so much binding of this 
agent to the renal cortex, the radiation dose is higher than 
with other technetium-labeled isotopes. Thus, unlike the 
other technetium agents, DMSA is not suitable for perfu- 
sion studies. 

Technetium-99m-mercaptoacetyltriglycine  (??™Tc- 
MAG») has functional properties similar to those of 
Hippuran, and can yield both anatomic and functional in- 
formation. Glomerular filtration accounts for 11% of the 
clearance of MAG3, tubular secretion is responsible for the 
remainder. The extraction efficiency of MAG; is approxi- 
mately 40% to 50%. Effective renal plasma flow (ERPF) 
measurements can be made with MAG; Because of its high 
rate of plasma clearance compared with DTPA, MAG; is 
suitable for imaging patients with impaired renal function. 
One potential disadvantage for MAG; in the evaluation of 
transplants is in the detection of postoperative urinary leaks. 
In some formulations of MAG3, as much as 10% of the 
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FIGURE 3.28. Radionuclide angiogram. A bolus of technetium- 
99m-diethylenetriaminepentaacetic acid has been injected. The 
activity can be seen circulating through the heart (top row), the 
lungs (middie row), and into the abdominal aorta and kidneys 
(bottom row). 


agent is excreted through the gastrointestinal tract; thus, dif- 
ferentiating bowel activity from extraurinary activity caused 
by urinary extravasation may be difficult. 


Radioisotope Renogram 


A major tool for evaluation of renal function is the radioiso- 
tope renogram, a curve demonstrating the radioactivity 
within the kidney plotted against the time after injection. 
The renogram curve also is referred to as a time-activity 
curve. Renogram curves may be constructed for studies per- 
formed with DTPA or MAG; (Fig. 3.29). Analysis of the 
shape of the renogram curve can be used to suggest the di- 
agnosis of many conditions of the kidney, including acute 
tubular necrosis, urinary tract obstruction, and renal trans- 
plant rejection. A modification of the standard radioisotope 
renogram, called the diuretic renogram, may be useful in 
differentiating functionally insignificant urinary tract dila- 
tion from that caused by urinary tract obstruction. With this 
technique, a diuretic, commonly furosemide, is injected 
shortly after the radiopharmaceutical appears in the collect- 
ing system, and the effect of the diuretic on the shape of the 
renogram curve is analyzed. In patients with functionally in- 
significant urinary tract dilation, the diuretic is intended to 
cause a prompt reduction in the amount of activity in the re- 
nal collecting system, whereas in those with true urinary 
tract obstruction, the amount of activity in the collecting 
system is presumed not to change, or even to increase after 
the diuretic is administered (see Chapter 16). 
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FIGURE 3.29. Radioisotope renogram performed using tech- 
netium-99m-mercaptoacetyltriglycine. The upper set of curves 
shows the flow of the radioisotope in the aorta and to both kid- 
neys. The renogram curves demonstrate the excretion of the iso- 
tope by each kidney and the corresponding increase in bladder 
activity. 


Radionuclide Renal Imaging Studies 
Renal Function 


A renal perfusion study may be obtained after the intra- 
venous administration of 10 to 20 mCi of °° "T'c-DTPA, or 
5 to 7 mCi of MAGs, given as a compact bolus. Images are 
obtained on the gamma camera every 2 to 5 seconds for the 
first minute after the injection and demonstrate the arrival 
of the bolus of activity in the abdominal aorta and the iliac 
vessels, as well as the arrival of the tracer in the kidneys. The 
camera should be positioned posterior to the patient when 
native kidneys are being evaluated and anterior to the iliac 
fossa for the evaluation of a transplanted kidney. A time-ac- 
tivity curve can be generated to demonstrate the relative per- 
fusion of each kidney. Data acquired between 1 and 3 min- 
utes after injection also may be used to generate a 
time-activity curve that can be used to calculate the relative 
contribution of each kidney to total renal function (also 
known as split renal function studies) (Fig. 3.30). Static im- 
ages are normally obtained 3 to 5 minutes after the injection 
as well, which is a modification of the standard renogram 
obtained following administration of a dose of captopril, an 
angiotensin-converting enzyme (ACE) inhibitor, and has 
proven to be useful as a screening study for renovascular hy- 
pertension (see Chapter 10). 


Renal Transplant Evaluation 


A major use of radionuclides in the urinary tract is the eval- 
uation of the status of a renal transplant. Many different ra- 
diopharmaceuticals have been used for this purpose. Most 
typically, renal perfusion studies using °”" Tc-DTPA and 
delayed images to evaluate the renal parenchyma are ob- 
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FIGURE 3.30. Split renal function studies performed using tech- 
netium-99m-diethylenetriaminiepentaacetic acid. Computer- 
generated curves of activity (x-axis) plotted against time after in- 
jection (y-axis) for each kidney. The activity in the right kidney is 
demonstrated to represent 15% of the total renal function (ac- 
tivity of left kidney plus activity of right kidney divided into ac- 
tivity of right kidney). 


Chapter 3: Diagnostic Techniques 69 


tained. In many institutions, a study using MAG; is per- 
formed. As indicated earlier, some confusion between bowel 
activity and urinary extrasvasation has, however, been re- 
ported. 


Radionuclide Renal Function Studies 
Glomerular Filtration Rate 


A radionuclide estimation of glomerular filtration, while not 
as accurate as an inulin clearance performed under strict lab- 
oratory conditions, provides a reasonable estimate of the 
glomerular filtration rate (GRE). ??" Tc-DTPA is normally 
used for radionuclide calculation of the GRF. Three to five 
blood samples drawn over a 2- to 4-hour period after the in- 
jection of a known dose of radiopharmaceutical are ob- 
tained, and a plasma disappearance curve for the DTPA is 
calculated. 


Effective Renal Plasma Flow 


Effective renal plasma flow can be calculated using '*! I-la- 
beled ortho-iodo hippurate. Many methods for this deter- 
mination, which is qualitatively similar to that used for de- 
termination of GFR, have been described. Both blood and 
urine samples are usually required. Modification of the tech- 
nique, which requires only a single blood sample, also has 
been described. 


Nonrenal Imaging Studies 


Radionuclide Cystography. Radionuclide cystography 
may be performed in children to diagnose and monitor vesi- 
coureteral reflux. A dose of 0.5 to 1 mCi of technetium 
pertechnetate is instilled via a Foley catheter into the blad- 
der and diluted with saline. While the method provides less 
spatial resolution than conventional voiding cystourethrog- 
raphy made with fluoroscopic spot films, it offers a lower ra- 
diation dose. The sensitivity of a scintigraphic voiding cys- 
tourethrogram is the same or greater than the radiologic 
study for the detection of vesicoureteral reflux greater than 
grade 1. When an initial radiographic study shows that re- 
flux is present, this technique provides a relatively sensitive 
method of following the course of the reflux in children 
with minimal radiation exposure. If the radionuclide study 
suggests that an increased amount of reflux is present, repeat 
radiographic studies should then be obtained. 


Scrotal Imaging 


Radionuclide techniques have been used extensively to eval- 
uate patients who present with acute, painful scrotal 
swelling. The primary purpose of these techniques is to dif- 
ferentiate patients with epididymoorchitis from those with 
testicular torsion or a testicular abscess. Scrotal imaging is 
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performed as a perfusion study centered over the pelvis after 
intravenous administration of 10 to 20 mCi of technetium 
pertechnetate. Dynamic scintiphotos made at 2- to 3-sec- 
ond intervals followed by static images are obtained. 


Adrenal Imaging 


A resurgence in interest in radionuclide imaging of the 
adrenal gland has occurred as the result of the introduction 
of 13! ]-labeled metaiodobenzylguanidine (MIBG). This 
compound is taken up by the adrenal medulla and is capa- 
ble of demonstrating adrenal medullary hyperplasia and 
pheochromocytomas. 

Adrenal cortical imaging with '?'I-iodomethyl 19-nor- 
cholesterol (NP59) is useful in the evaluation of patients 
with Cushing’s and Conn’s syndrome by differentiating pa- 
tients with adrenal hyperplasia from those with functioning 
adenomas and contralateral adrenal suppression. It may also 
differentiate nonhyperfunctioning adenomas from metas- 
tases as adenomas take up the radionuclide while nonade- 
nomas do not. 


SUGGESTED READINGS 


Excretory Urography 


Banner, MP, Pollack HM. Evaluation of renal function by excretory 
urography. J Urol 1980; 124:443. 

Bradley AJ, Taylor TM. Does bowel preparation improve the quality 
of intravenous urography? Br J Radiol 1996; 69:906-909. 

Choyke PL. The urogram: are rumors of its death premature? 
Radiology 1992; 184(1):33. 

Collie DA, Paul AB, Wild SR. The diagnostic yield of intravenous 
urography: a demographic study. Br J Urol 1994; 73(6):603. 

Daughtridge TG. Ureteral compression device for excretory urogra- 
phy. AJR 1965; 95(2):431. 

Dawson P. Intravenous urography revisited. Br J Urol 1990; 
66(6):561. 

Donker PJ, Kakisilatu F. Preoperative evaluation of patients with 
bladder outlet obstruction with particular regard to excretory 
urography, J Urol 1978; 120:685. 

Dure-Smith P, McArdle GH. Tomography during excretory urogra- 
phy: technical aspects. Br J Radiol 1972; 45:896. 

Eklof O, Rinertz H. Kidney size in children. Acta Radiol Diagn 1976; 
17(5):617. 

George DC, Vinnicombe SJ, Balkissoon AR, et al. Bowel preparation 
before intravenous urography: is it necessary? Br J Radiol 1993; 
66(781):17. 

Gillespic HW, Maile WBD. Routine tomographs with excretion 
urography. Br J Radiol 1954; 27:344. 

Hattery RR, Williamson B Jr, Hartman GW, et al. Intravenous uro- 
graphic technique. Radiology 1988; 167:593. 

Lloyd LK, Witten DM, Bueschen AJ, et al. Enhanced detection of 
asymptomatic renal masses with routine tomography during ex- 
cretory urography. Urology 1978; 11:523. 

Newberg AH, Mindell HJ. Predicting tomographic levels for urogra- 
phy. Radiology 1976; 118:460. 

Schuster GA, Nazos D, Lewis GA. Preparation of outpatients for ex- 
cretory urography: is bowel preparation with laxatives and dietary 
restrictions necessary? AJR 1995; 164(6):1425. 


Silver DA, Morash L, Brenner P, et al. Pathologic findings at the time 
of nephrectomy for renal mass. Ann Surg Oncol 1997; 4:570-574. 

Simon AL. Normal renal size and absolute criterion. AJR 1964; 
92(2):270. 

Tsuji Y, Ngkamura H, Ariyoshi A. Upper urinary tract involvement 
after cystectomy and ileal conduit diversion for primary bladder 
carcinoma. Eur Urol 1996; 29:216—220. 

Vydareny KH, Stuck KJ, Ellis JH, et al. Diagnostic usefulness of 
post-void film in intravenous urogram. Urology 1991; 38(2):170. 


Urethrography 


Kishy DM, Pollack AH, Becker JA, et al. Autourethrography. 
Radiology 1991; 180:443. 
McCallum RW. The radiologic assessment of the lower urinary tract 
in parapalegics: a new method. J Can Assoc Radiol 1974; 25:34. 
McCallum RW. The adult male urethra: normal anatomy, pathology 
and method of urethrography. Radiol Clin North Am 1979; 
17:227. 

McCallum RW, Colapinto V. Urological radiology of the adult male 
lower urinary tract. Springfield IL: Charles C Thomas, 1976. 

McCallum RW, Colapinto V. The role of urethrography in urethral 
disease: I. accurate radiological localization of the membranous 
urethra and distal sphincters in normal male subjects. J Urol 1979; 
122:607. 


Cavernosography 


Bookstein JJ, Fellmeth B, Moreland S, et al. Pharmacoangiographic 
assessement of the corpora cavernosa. Cardiovasc Intervent Radiol 
1988; 11:218. 

Bookstein JJ, Valji K, Parsons I, et al. Penile pharmacocavernosogra- 
phy and cavernosometry in the evaluation of impotence. J Urol 
1987; 137:772. 

Lue TF, Hricak H, Schmidt RA, et al. Functional evaluation of pe- 
nile veins by cavernosography in papaverine-induced erection. J 


Urol 1986; 135:479. 
Ultrasonography 


Bree RL, Hoang DT. Scrotal ultrasound. Radiol Clin North Am 1996; 
34:1183-1205. 

Bude RO, Rubin JM, Adler RS. Power versus conventional color 
Doppler sonography: comparison in the depiction of normal in- 
trarenal vasculature. Radiology 1994; 192(3):777. 

Chang VH, Cunningham JJ. Efficacy of sonography as a screening 
method in renal insufficiency. J Clin Ultrasound 1985; 
13:414-417. 

Coleman B. Ultrasonography of the upper genitourinary tract. Urol 
Clin North Am 1985; 12:633. 

Fleischer A, Entman S, Gordon A. TV and TA US of pelvic masses. 
J Ultrasound Med Biol 1989; 15:529. 

Fleischer A, Kepple D. Transvaginal sonography: a clinical atlas, 2™ 
ed. Philadelphia: JB Lippincott,1995. 

Frush DP, Sheldon CA. Diagnostic imaging for pediatric scrotal dis- 
orders. Radiographics 1998; 18:969-985. 

Haller JO, Cohen HL. Pediatric urosonography: an update. Urol 
Radiol 1987; 9:99. 

House MK, Dowling RJ, Ling P, et al. Using Doppler sonography to 
reveal renal artery stenosis: an evaluation of optimal imaging pa- 
rameters. AJR 1999; 173:761-765. 

Jinzaki M, Ohkumah K, Tanimoto A, et al. Small solid renal lesions: 
usefulness of power Doppler US. Radiology 1998; 209:543-550. 

Kuligowska E, Fenlon HM. Transverse US in male infertility, spec- 
trum of findings and role in patient care. Radiology 1998; 
207:173-178. 

Kurjak A, Zalud I, Alfirevic Z. Evaluation of adnexal masses with 
transvaginal color ultrasound. J Ultrasound Med 1991; 10:295. 

Mendelson EB, Bohm-Velez M, Joseph N, et al. Gynecologic imag- 


ing: comparison of transabdominal and transvaginal sonography. 
Radiology 1980; 166:321. 

Ralls PW, Larsen D, Johnson MB, et al. Color Doppler sonography 
of the scrotum. Semin Ultrasound CT MR 1991; 12(2):109. 

Rifkin MD. Scrotal ultrasound. Urol Radiol 1987; 9:119. 

Rubin JM, Bude RO, Carson PL, et al. Power Doppler US: a poten- 
tially useful alternative to mean frequency-based color Doppler 
US. Radiology 1994; 190(3)853. 

Scoutt LM, Zawin ML, Taylor KJW. Doppler US: part II. clinical 
applications. Radiology 1990; 174:309. 

Siegel MJ. The acute scrotum. Radiol Clin North Am 1997; 
35:959-976, 

Taylor KJ, Burns PHN. Duplex Doppler scanning in the pelvis and 
abdomen. Ultrasound Med Biol 1985; 11(4):643. 

Taylor KJW, Holland S. Doppler US: part I. basic principles, instru- 
mentation and pitfalls, Radiology 1990; 174:297. 


Computed Tomography 


Ammann AM, Walsh JW. Normal anatomy and techniques of exam- 
ination. In Walsh JW, ed. Computed tomography of the pelvis. New 
York: Churchill Livingstone, 1985. 

Dunnick NR, Korobkin M. Computed tomography of the kidney. 
Radiol Clin North Am 1984; 22(2):297. 

Einstein DM, Herts BR, Weaver R, et al. Evaluation of renal masses 
detected by excretory urography: cost-effectiveness of sonography 
versus CT. AJR 1995; 164(2):371. 

Fosager MC, Walsh JW. CT anatomy of the female pelvis: a second 
look. Radiographics 1994; 14:51. 

Jeffrey RB Jr. Pelvic computed tomography. instrumentation, 
technique and normal anatomy. In: Fleischer AC Javitt MC, 
Jeffrey RB, et al., eds. Clinical gynecologic imaging. Philadelphia: 
Lippincott-Raven Publishers, 1997. 

Korobkin M, Brodeur FJ, Francis IR, et al. CT time-atrenuation 
washout curves of adrenal adenomas and nonadenomas. AJR 
1998; 170:747-752. 

McNicolas MM, Raptopoulos VD, Schwartz RH, et al. Excretory 
phase CT urography for opacifications of the urinary collecting 
system. AJR 1998; 170:1261—-1267. 

Pozniak MA, Bakison DJ, Lee FT Jr, et al. CT angiography of po- 
tential renal transplant donors. Radiographics 1998; 18:565—587. 

Rubin GD, Dake MD, Napel SA, et al. Three-dimensional spiral CT 
angiography of the abdomen: initial clinical experience. Radiology 
1993; 186:147. 

Smith PA, Fishman EK. Three-dimensional CT angiography: renal 
applications. Semin Ultrasound CT MR 1998; 19:413-424. 

Smith RC, Rosenfield AT, Choe KA, et al. Acute flank pain: com- 
parison of non-contrast-enhanced CT and intravenous urography. 
Radiology 1995; 194(3):789. 

Walsh JW. Computed tomography of gynecologic neoplasms. Radiol 
Clin North Am 1992; 30:817. 

Yuh BI, Cohan RH. Different phases of renal enhancement: role in 
detecting and characterizing renal masses during helical CT. AJR 
1999; 173:747-755. 

Zeman RK, Fox SH, Silverman PM, et al. Helical (spiral) CT of the 
abdomen. AJR 1993; 160:719. 


Magnetic Resonance Imaging 


Baker LL, Hajek PC, Burkhart TK, et al. MR imaging of the scro- 
tum: normal anatomy. Radiology 1987; 163:89. 

Barentz JO, Ruijs HJ, van Erning LJ. Magnetic resonance imaging of 
urinary bladder cancer: an overview and new developments. Magn 
Reson Q 1993; 9(4)235. l 

Cramer BM, Schlegel EA, Thueroff JW. MR imaging in the differ- 
ential diagnosis of scrotal and testicular disease. Radiographics 
1994; 11:9. 


Chapter 3: Diagnostic Techniques 71 


Dockery WD, Stolpen AH. State-of-the-art magnetic resonance 
imaging of the urinary tract. J Endourol 1999; 13:417—423. 

Egglin TK, Hahn PF, Stark DD. MRI of the adrenal glands. Semin 
Roentgenol 1988;23(4):289. 

Ito K, Hunju K, Fujita T, et al. High-resolution contrast-enhanced 
MRI of the uterus with a phased array multicoil. J Comput Assist 
Tomog 1998; 22:742-748. 

Javitt MC. Gynecologic imaging with magnetic resonance imaging: 
instrumentation and technique. In: Fleischer AC, Javitt MC, 
Jeffrey RB, et al., eds. Clinical gynecologic imaging. Philadelphia: 
Lippincott—Raven, 1997. 

Kennedy AM, Gilfeather MR, Woodward PJ. MRI of the female 
pelvis. Semin Ultrasound CT MR 1999; 20:214—230. 

Krestin GP, Steinbrich W, Friedmann G. Adrenal masses: evaluation 
with fast gradient-echo MR imaging and Gd-DTPA enhanced dy- 
namic studies. Radiology 1989; 171:675. 

Lipson SA, Hricak H. MR imaging of the female pelvis. Radiol Clin 
North Am 1996; 34:1157-1182. 

Liu PF, Krestin GP, Huch RA, et al. MRI of the uterus, uterine cervix 
and vagina. Eur Radiol 1998; 8:1933-1940. 

Lomas DJ. Optimization of sequences for MRI of the abdomen and 
pelvis. Clin Radiol 1997; 52:412-428. 

Mitchell DG, Crovello M, Matteucci T, et al. Benign adrenocortical 
masses: diagnosis with chemical shift MR imaging. Radiology 
1992; 185:345. 

Mitchell DG. Fast MR imaging techniques: impact in the abdomen. 
J Magn Reson Imaging 1996; 6:812-821. 

Outwater EK. Ultrafast MR imaging of the pelvis. Eur J Radiol 1999; 
29:233-244. 

Outwater EK. Contrast enhanced MR imaging of gynecologic disor- 
ders. Magn Res Imaging Clin North Am 1996; 4:133-151. 

Peppercorn PD, Rezneh AH. State-of-the-art CT and MRI of the 
adrenal gland. Eur Radiol 1997; 7:822-836. 

Prince MR. Renal MR angiography. a comprehensive approach. / 
Magn Res Imaging 1998; 8:511-516. 

Rominger MB, Kenney PJ, Morgan DE, et al. Gadolinium-en- 
chanced MR imaging of renal masses. Radiographics 1992; 
12:1097. 

Schiebler ML, Schnall MD, Pollack HM, et al. Current role of imag- 
ing in the staging of adenocarcinoma of the prostate. Radiology 
1993; 189:339. 

Schoenberg SU, Prince MR, Knopp MV, et al. Renal MR angiogra- 
phy. Magn Reson Imaging Clin North Am 1998; 6:351-370. 

Siegelman ES, Outwater EK. Tissue characteristics in the female 
pelvis by means of MR imaging. Radiology 1999; 212:5-18. 

Tsushima Y, Ishizaka H. Adrenal masses: differentiation with chem- 
ical shift, fast low angle shot MR imaging. Radiology 
1993;.186:705,. 

Woodward PJ, Gilfeather M. Magnetic resonance imaging of the fe- 
male pelvis. Semin Ultrasound CT MR 1998; 19:90-103. 


Angiography 

Johnsrude IS, Jackson D, Dunnick NR. A practical approach to an- 
giography. Boston: Little, Brown, 1987. 

Levin DC, Schapiro RM, Boxt LM, et al.. Digital subtraction an- 
giography: principles and pitfalls of image improvement tech- 
niques. AJR 1984; 143:447. 

Robertson PW, Dyson ML, Sutton PD. Renal angiography: a review 
of 1,750 cases. Clin Radiol 1969; 20:401. 

Roy C, Tuckmann C, Morel M, et al. Is there still a place for an- 
giography in the management of renal mass lesions? Eur Radiol 
1999; 9:329-335. 

Saddekni S, Sos TA, Sniderman KW, et al. Optimal injection tech- 
nique for intravenous digital subtraction angiography. Radiology 
1984; 150:655. 


72 Textbook of Uroradiology 


Hysterosalpingography 

Collins JI, Woodward PJ. Radiological evaluation of infertility. Semin 
Ultrasound CT MR. 1995; 16:304-316. 

Karasick S. Hysterosalpingography. Urol Radiol 1991; 13:67-73. 

Krysiewicz S. Infertility in women. diagnostic evaluation with hys- 
terosalpingography and other imaging techniques. AJR 1992; 
159:253-261. 

Siegler AM. Hysterosalpingography. Fertil Steril 1983; 40:139-158. 

Wolf DM, Spataro RF. The current state of hysterosalpingography. 
Radiographics 1988; 8:1041-1058. 

Yoder IC, Hall DA. Hysterosalpingography in the 1990’s. AJR 1991; 
157:675-683. 


Radionuclide Evaluation of the Urinary Tract 


Blaufox MD, Kalika V, Scharf S, et al. Applications of nuclear 
medicine in genitourinary imaging. Urol Radiol 1982; 4:155. 
Dubovsky EV, Russel CD. Quantitation of renal function with 
glomerular and tubular agents. Semin Nucl Med 1982; 12:308. 

El Maghrahy TA, van Ech-Smit BL, de Fijter JW, et al. Quantitative 


scintigraphic parameters for the assessment of renal transplant pa- 
tients. Eur J Radiol 1998; 28:256-269. 

Eschim D, Taylor A Jr. Technetium 99m (99mTC) mercaptoacetyl- 
triglycine: update on the new 99mTC renal tubular function 
agent. Semin Nucl Med 1992; 22(2):61. 

Itoh K, Tsukamoto E, Kakizaki H, et al.. Phase II study of Tc99m 
MAGF3 in patients with nephrourologic diseases. Clin Nucl Med 
1983; 18(5):387. 

Kirchner PT, Rosenthal L. Renal transplant evaluation. Semin Nucl 
Med 1982; 12:370. 

Lutzker LG. The fine points of scrotal scintigraphy. Semin Nucl Med 
1982; 12(4):387. 

O’Malley JP, Ziessman HA, Chantaarapitak N. Tc-99m MAG3 as 
an alternative to Tc-99m DTPA and 1-131 Hippuran for renal 
transplant evaluation. Clin Nucl Med 1993; 18(1):22. 

Peters AM. Scintigraphic imaging of renal function. Exp Nephrol 
1998; 6:391-397. 

Taux WN, Dubovsky EV, Kidd T, et al. New formulas for the cal- 
culation of effective renal plasma flow. Eur J Nucl Med 1982; 7:51. 

Taylor A Jr, Nally JV. Clinical aspects of renal scintigraphy. AJR 
1985; 164:31. 


FUNCTIONAL RENAL ANATOMY, RENAL 
PHYSIOLOGY, AND CONTRAST MEDIA 


FUNCTIONAL RENAL ANATOMY AND RENAL 
PHYSIOLOGY 

Functional Renal Anatomy 

Basic Renal Physiology 

Clearance 

Renal Plasma Flow 


CONTRAST MEDIA—HISTORICAL BACKGROUND 


PHYSIOLOGY OF CONTRAST EXCRETION 
Principles 

Physiologic Considerations 

Age and Dose 

Other Considerations 

Extrarenal (Vicarious) Excretion 


CONTRAST MEDIA—PHYSICAL PROPERTIES 
Drug Incompatibilities 


ADVERSE REACTIONS TO CONTRAST MEDIA 
Idiosyncratic Reactions 
Risk Factors 


Other Factors 

Mechanism of Contrast Reactions 

Prevention of Anaphylactoid Contrast Reactions 
Chemotoxic Effects 


INDICATIONS FOR THE USE OF LOW-OSMOLALITY 
CONTRAST MATERIAL 


CONTRAST-INDUCED ACUTE RENAL DYSFUNCTION 
Risk Factors 

Other Factors 

Prevention of Contrast Induced ARD 


MAGNETIC RESONANCE CONTRAST MATERIALS 


TREATMENT OF ADVERSE REACTIONS TO 
CONTRAST MEDIA 

Minor Reactions 

Respiratory Reactions 

Vasovagal Reactions 

Hypotensive Tachycardia 

Ventricular Arrhythmias 


FUNCTIONAL RENAL ANATOMY AND 
RENAL PHYSIOLOGY 


The main function of the kidney is to maintain the home- 
ostasis of body fluids. A number of specialized tasks are in- 
volved in this homeostasis. These include the excretion of 
metabolic end products and toxins, the regulation of body 
fluid volume, blood pressure regulation, and the regulation 
of mineral and acid-base balance. Body fluids are divided 
into two discrete compartments. Approximately two thirds 
of the fluid is located within cell membranes, and this is 
termed the intracellular fluid. The remaining one third is 
contained in the extracellular compartment and called ex- 
tracellular fluid (ECF). Approximately one third of the vol- 
ume of the ECF is contained within the vascular space and 
two thirds is in the interstitium. The regulatory function of 
the kidney directly affects the fluid that is located in the vas- 
cular compartment, however, because there is free move- 
ment of water between the intracellular and extracellular 


fluid compartments, the effect of this function is to regulate 
the composition of all body fluids. 


Functional Renal Anatomy 


On gross inspection, a bisected kidney can be divided into 
two major regions (Fig. 4.1A, B): (a) the inner renal 
medulla, and (b) the outer renal cortex. 

The functional unit of the kidney is the nephron (Fig. 
4.2). Each kidney contains approximately 1 million 
nephrons. Each nephron consists of a specialized capillary 
vascular network called the glomerulus, which is surrounded 
by Bowman’s capsule, a balloon-like structure into which 
the capillary tufts of the glomerulus protrude. Each 
glomerulus is connected to a series of specialized epithelial 
segments that collectively are known as the renal tubule. 

The tubule, in turn, is divided into several segments. The 
first segment is called the proximal tubule, which in turn is 
subdivided into a convoluted and a straight portion; the sec- 
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FIGURE 4.1. Bisected section of the kidney showing the rela- 
tionship of the cortex, the medulla, and the rena! collecting sys- 
tem. Fat in the renal sinus surrounds the calyces and the renal 
pelvis. 


ond segment, the loop of Henle, is subdivided into the thin 
descending, the thin ascending, and the thick ascending 
limbs; and the third segment, the distal tubule, is subdivided 
into the distal convoluted tubule and the cortical, 
medullary, and papillary collecting ducts. The cortex con- 
tains the glomeruli, the proximal tubule, the distal tubule, 
and the cortical collecting duct. The medulla is made up of 
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FIGURE 4.2. The nephron. G, glomerulus; TAL, thick ascending 
limb of the loop of Henle; tAL, thin ascending limb of the loop of 
Henle; PST, proximal straight tubule; PCT, proximal convoluted 
tubule; DCT, distal convoluted tubule; CCD, cortical collecting 
duct; MCD, medullary collecting duct; PCD, papillary collecting 
duct; A, afferent arteriole; E, efferent arteriole; VR, vasa recta. 


the loops of Henle, the medullary and papillary collecting 
ducts, and renal pyramids, the apices of which project into 
the minor calyces. The nephrons that are located close to the 
corticomedullary junction have larger glomeruli and their 
loops of Henle descend deeper into the renal papilla than 
those located more superficially in the renal cortex. 

The main renal artery branches into interlobar arteries 
that branch into the arcuate arteries located at the corti- 
comedullary junction. These, in turn, branch into the inter- 
lobular arteries, and finally, the afferent arterioles, each of 
which leads to a glomerulus. The glomerulus is drained by 
an efferent arteriole that subdivides to form a peritubular 
capillary network known as the vasa recta. The vasa recta 
then anastomose to form venous channels. This unique ar- 
rangement in the kidney, in which the glomerulus is located 
between two resistive capillary networks as opposed to the 
arteriole-capillary-venule arrangement of the other tissues of 
the body, helps to maintain constant hydrostatic pressure at 
the level of the glomerulus despite changes in blood pressure 
(Fig. 4.3) and is the driving force for glomerular filtration. 

The macula densa is a distinctive portion of the tubule be- 
tween the ascending loop of Henle and the distal convoluted 
tubule that courses between the afferent and efferent arteri- 
oles. The macula densa represents the tubular component of 
a specialized area of the nephron called the juxtaglomerular 
apparatus. The juxtaglomerular apparatus is the site of renin 
synthesis and plays a major role in the blood pressure regu- 
lation function of the kidney. 


Basic Renal Physiology 


The homeostatic functions of the kidney are achieved 
through two simultaneous processes: (a) glomerular filtra- 
tion, and (b) tubular resorption/secretion. Glomerular ul- 
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FIGURE 4.3. Renal blood flow and glomerular filtration remain 
constant over a wide range of blood pressure. This helps to main- 
tain a constant level of glomerular filtration. (From Gottschalk 
CW, Lassiter WE. Mechanisms of urine formation. In: Mountcastle 
VB, ed. Medical physiology. Vol. 2, 14% ed. St. Louis: CV Mosby, 
1980, with permission.) 
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trafiltration occurs as a result of the net Starling forces across 
the glomerular capillary wall. The net filtration pressure 
(NEP) is equal to the sum of the glomerular hydrostatic 
pressure and the colloid osmotic pressure in Bowman’s cap- 
sule (which favors fluid movement from the capillary space 
into Bowman’s space) minus the sum of the mean glomeru- 
lar capillary oncotic pressure and the hydrostatic pressure in 
Bowman’s space (the principal forces opposing ultrafiltra- 
tion). Because protein is not filtered by the glomerulus, the 
fluid of Bowman’s space is protein-free, and thus, the col- 
loid osmotic pressure in Bowman’s space is negligible. The 
glomerular filtration rate (GFR) is determined by the net fil- 
tration pressure and the surface area available for filtration, 
as well as the permeability of the glomerular capillary bed. 
Thus, GFR can be expressed as: 


GFR = Kf X NFP [1] 


where Kf is a constant expressing the product of the capil- 
lary permeability and the surface area of the capillary bed, 
and NFP is the net filtration pressure. The average glomeru- 
lar filtration rate in a human is approximately 125 mL per 
minute, which is equal to 180 L per day, or approximately 
12 times the volume of the ECF. 

Although 180 L of fluid is filtered in a day, only 1 to 2 L 
of urine is produced per day in which wastes and toxins may 
be concentrated 100- to 200-fold above their plasma con- 
centration. This concentration of the final urine product is 
the result of tubular reabsorption and secretion. Under nor- 
mal conditions, approximately two thirds of the ultrafiltrate 
volume is reabsorbed by the proximal tubule by a process 
linked to the active secretion of hydrogen ions and the ac- 
tive reabsorption of sodium, glucose, amino acids, and other 
solutes. Isotonicity of the fluid in the proximal tubule with 
the plasma is maintained, because the cells of the proximal 
tubule are freely permeable to water. 

In the loop of Henle, which begins at the corti- 
comedullary junction, differential absorption of sodium 
chloride occurs so that the fluid in the tubular lumen, ini- 
tially isotonic with the interstitium, becomes progressively 
more concentrated in the descending limb, reaching its 
maximum concentration at the bend of the loop and then 
becomes progressively more hypotonic with respect to 
plasma as it reaches the thick ascending limb of the loop. 
This differential absorption of sodium chloride occurs be- 
cause the cells in the descending limb have a high perme- 
ability for water, but a low permeability for salt; whereas, in 
the thick ascending limb, the cells are impermeable to wa- 
ter, but have a high permeability for salt, which is actively 
reabsorbed. This process, known as the renal counter-current 
mechanism, results in progressive interstitial hypertonicity in 
the medulla and is required for final concentration of the 
urine by the distal tubules. 

The distal tubule continues the water dilution of urine 
through the active transport of sodium and chloride coupled 


with relative water impermeability. The collecting ducts are 
the primary site of action of antidiuretic hormone (ADH). 
The final 15% of water absorption is achieved within the 
collecting ducts. The collecting ducts are virtually imper- 
meable to water in the absence of ADH, but when ADH is 
present, water passes freely across the tubular wall, allowing 
the tubular fluid to achieve the same tonicity as the fluid in 
the surrounding interstitium. Thus, a hypertonic urine is 
produced without the active transport of water. The distal 
nephron also reabsorbs sodium and secretes hydrogen ions 
and potassium under the influence of aldosterone. 
Parathyroid hormone also acts on the distal tubule to con- 
serve calcium. 


Clearance 


The rate at which a substance is removed from the plasma in 
a given period is termed the clearance of that substance. For 
a substance that is freely filtered and not reabsorbed or se- 
creted by the tubule, the rate of clearance of that substance 
is equal to the GFR. The rate of clearance is expressed as the 
urinary volume per unit time, multiplied by the urine con- 
centration of that substance, divided by the plasma concen- 
tration of the substance. Thus 


GER = sxy [2] 


where U is the urine concentration of the substance, V is the 
urine volume produced per unit time, and P is the plasma 
concentration of the substance. 

The polysaccharide, inulin, meets the criteria expressed 
above, and therefore can be used to determine GFR. 
Creatinine, an endogenous product of muscle metabolism, 
is produced by the body in relatively constant amounts per 
day, is present in the plasma, and is excreted by glomerular 
filtration. Measurement of creatinine clearance is therefore 
convenient, although it is not as exact as the inulin clear- 
ance, because a small amount of creatinine is secreted by the 
tubules. 


Renal Plasma Flow 


If a substance were freely filtered and removed from the 
blood completely in one pass through the kidney, then 
clearance of that substance should represent the renal 
plasma flow. The substance paraminohippurate (PAH) is 
freely filtered and that portion that is not filtered is virtually 
completely secreted by the proximal tubule, so that at low 
plasma concentrations of PAH, all plasma supplying 
nephrons is completely cleared of the substance. The clear- 
ance of PAH, therefore, should represent the renal plasma 
flow (RPF); however, because 10% to 15% of renal blood 
flow supplies nonnephron-bearing portions of the kidney 
(i.e., the renal capsule and the peripelvic fat), the clearance 
of PAH is referred to as the effective renal plasma flow 
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(ERPF). The normal value for ERPF is 650 mL per minute 
per 1.73 m? in males and 600 mL per minute per 1.73 m? 
in females. Once the ERPF has been calculated, the effective 
renal blood flow (ERBF) can be calculated by the formula: 
ERBF = ——ERFF [3] 


1 — hematocrit 


The filtration fraction is the ratio of the clearance of in- 
ulin to that of PAH or Cinutin/Cpay. In humans, this ratio is 
normally 0.2. 


CONTRAST MEDIA—HISTORICAL 
BACKGROUND 


Attempts at radiography in the urinary tract began shortly 
after Roentgen’s discovery of x-rays in 1895 with the retro- 
grade insertion of rigid metal stylets into the ureters to 
demonstrate their course. In 1905, the techniques of retro- 
grade cystography and pyelography using Kollargol, a col- 
loidol preparation of silver, were introduced by Voelcker 
and Von Lichtenberg. The first report of opacification of 
the urinary tract using excreted contrast media came in 
1923 when Osborne, Sutherland, Scholl, and Rowntree 
from the Mayo Clinic reported that there was discernible 
opacification of the bladder on abdominal radiographs in 
patients who had received a 10% solution of sodium iodine, 
either orally or intravenously, for the treatment of syphilis. 
This report represented the initial discovery that iodine 
could be used as a radiopaque contrast medium. It is re- 
markable that in the more than 70 years since this discovery, 
no other element has proven suitable for this purpose. 
Successful opacification of the urinary tract using sodium 
iodide, however, was not routinely possible, because it 
proved to be far too toxic in sufficient quantities to achieve 
diagnostic opacification. 

The next significant breakthrough came in 1925 and 
1926, when German chemists Kurth Rath and Arthur Binz 
synthesized an organic pyridine compound containing a sin- 
gle atom of iodine per molecule, which was found to be ex- 
creted by both the kidney and the liver, called Selectan neu- 
tral (Fig. 4.4). Initial clinical trials of Selectan neutral for 
urinary tract evaluation were performed in Berlin under the 
direction of Dr. Moses Swick, a young American urologist. 
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FIGURE 4.8. Sodium diatrizoate (Hypaque). 
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FIGURE 4.9. Sodium/meglumine diatrizoate (Renografin 60). 


FIGURE 4.4. Selectan—neutral. 
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Shortly thereafter, attempts to modify Selectan neutral to 
reduce its toxicity and to increase its radioopacity resulted in 
the synthesis of Iopax, containing 42% iodine (Fig. 4.5) and 
Neolopax (Fig. 4.6), which represented a significant im- 
provement over Iopax in that it contained two iodine atoms 
per molecule. An additional diiodo compound known as 
iodopyracet (Diodrast) was also synthesized. These two 
products became the contrast agents of choice for the next 
20 years. 

In 1933, Swick, who by then was working at Mt. Sinai 
Hospital in New York, proposed that the six-carbon ben- 
zene ring serve as the carrier of iodine instead of the hetero- 
cyclic five-carbon atom and one-nitrogen-atom pyridine 
ring that had been used previously. The product that was in- 
troduced, sodium monoiodo hippurate (Fig. 4.7), did not 
prove, however, to be a significant improvement, as it con- 
tained only a single iodine atom. 

The six-carbon molecule was not perfected as a contrast 
medium for approximately another 20 years. In the late 
1940s, Wallingford and colleagues at the Mallinckrodt 
Chemical Works of St. Louis synthesized acetrizoate, which 
became the first triiodo derivative of benzoic acid to have 
proven clinical efficacy. This product, marketed as Urokon, 
contained 65.8% iodine, and showed distinct advantages 
over the diiodo products because of its improved radioopac- 
ity, decreased toxicity, and high water solubility. Initial 
physiologic studies indicated that it was excreted principally 
by glomerular filtration, and thus, better urinary tract opaci- 
fication was achieved. 

In 1955, Hoppe and coworkers at Sterling Winthrop 
Research Institute produced further modification of the tri- 
iodo benzoic acid ring by the addition of a side chain in the 
five position. This compound was known as sodium diatri- 
zoate and was given the brand name Hypaque (Fig. 4.8). 
This product and its derivatives, including sodium/meglu- 
mine diatrizoate (Fig. 4.9) and meglumine iothalmate (Fig. 
4.10) became the standard urographic contrast media for 
the next 30 years. 

During this period, many came to realize that while these 
ionic contrast media were much safer than the previously 
used materials, a great portion of the remaining toxicity of 
the compounds was related to their high osmolality (greater 
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FIGURE 4.10. Meglumine iothalamate (Conray). 
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than 1,500 mOsmol/kg of water or approximately 5 times 
greater than plasma). In 1968, Torsten Almen of Malmö, 
Sweden, a radiologist, theorized that the high osmolality of 
ionic contrast could be reduced by synthesizing a product 
that would be nondissociating. He suggested that the ioniz- 
ing carboxyl group of conventional contrast be replaced 
with a nondissociating group such as an amide. This would 
theoretically reduce the osmolality by 50% by reducing the 
number of particles in solution without loss of iodine con- 
tent. Almen’s hypothesis was pursued by a Norwegian com- 
pany, Nyegaard AS and Company, which produced the first 
nonionic contrast medium, metrizamide (Fig. 4.11). 
Metrizamide, while readily excreted by the kidneys, was 
never used in the United States as a urographic agent be- 
cause of its considerable cost and the inability to sterilize the 
product by autoclave. It was necessary to package the media 
as a freeze-dried, lypholized powder that needed to be re- 
constituted with water immediately before use. 

Several years after the introduction of metrizamide, sec- 
ond-generation low-osmolality contrast media were intro- 
duced into clinical practice. These products developed along 
two general lines. In the first group, hydrophilic nonioniz- 
ing radicals, are introduced in positions one, three, and five 
of the benzene ring, while positions two, four, and six re- 
main the position of the iodine atoms. Because the number 
one position does not dissociate, the number of iodine 
atoms relative to the number of particles in solution is in- 
creased from 1.5 to 3 as compared to ionic contrast media. 
Compounds in this category include iohexol (Omnipaque, 
Nycomed Inc., NY, NY) (Fig. 4.12), iopamidol (Isovue, 
Bracco Inc., Princeton, NJ) (Fig. 4.13), and ioversol 
(Optiray, Mallinckrodt Chemical Works, St. Louis, MO) 
(Fig. 4.14). These products are generically known as non- 
ionic monomers. The second line of development of low os- 
molality contrast has been directed toward the linkage of 
two triiodinated benzene rings sharing one ionizing car- 
boxyl group. These compounds have a ratio of six iodine 
atoms to two molecules in solution and, therefore, also pro- 
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H duce a ratio of three to one. They are generally known as 
CONCH,CHOHCH, OH monoacidic dimers. Sodium-meglumine ioxaglate (Hexabrix, 
i i Mallinckrodt Chemical Works, St. Louis, MO) (Fig. 4.15) 
is a monoacidic dimer that has been introduced into clinical 
CH,COS practice and represents the only approved contrast medium 
cur" CONHCH,CHOHCH,OH in this class. The further development of this class of com- 
I pounds involves the linkage of two nonionic monomeric 
CHOH compounds to form a nonionic monoacidic dimer, which has 
CH,OH a ratio of six iodine atoms to one particle in solution, and 
FIGURE 4.12. lohexol (Omnipaque). therefore, represent ratio six compounds. This modification 
reduces the osmolality of the contrast medium close to that 
of plasma. Iodixanol (Visipaque, Nycomed Inc., NY, NY), 
a ratio six dimer, is the first of the agents to be introduced in 
conycy 204 the United States but is primarily used for arteriography 
~CH,0H (Fig. 4.16). 
I I The late 1980s and early 1990s brought several changes 
CH,CHCON conncnct20H to manufacturers of contrast media in the United States. 
i ; CH,0H Sterling Drug Inc., the parent of Winthrop Pharmaceuti- 
OH H cals, was bought by the Eastman Kodak Company and sub- 
FIGURE 4.13. lopamidol (Isovue). sequently sold to Nycomed, the successor to Nyegaard AS, 
the original developer of metrizamide and iohexol. E.R. 
Squibb and Company was bought by Bristol-Meyers and 
H OH then was sold to Bracco, the Italian pharmaceutical com- 
i hat developed i idol. Schering AG, the G 
Oo mM OH pany that developed iopamidol. Schering AG, the German 
Kad AL pharmaceutical company that produced diatrizoate for both 
i i Winthrop and Squibb in their own contrast formulations, 
0 i oi pi fe sia ts US. eed compa T its own 
HO i right with the introduction of gadolinium DTPA for use in 
Cc OH ; ; : ; : ane 
Ne NN c7 N A magnetic resonance imaging by its American subsidiary, 
O Berlex. Berlex reentered the radiographic contrast market in 
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PHYSIOLOGY OF CONTRAST EXCRETION 
Principles 


The currently used modern triiodobenzoic acid derivative 
contrast media are excreted by glomerular filtration without 
a significant component of tubular secretion. This is in con- 
trast to the diiodo pyridone—based contrast media (Diodrast 
and Neo-lopax) in which a significant component of tubu- 
lar secretion was present. 

In 1967, Cattel and colleagues at St. Bartholomew’s 
Hospital in London using spectrographic absorption tech- 
niques performed the first direct physiologic studies of con- 
trast excretion in humans. They demonstrated a direct rela- 
tionship between the plasma concentration of contrast and 
the dose of contrast administered (Fig. 4.17). After intra- 
venous injection of contrast medium, there is a rapid in- 
crease followed by a rapid decrease in plasma concentration 
of contrast. However, only 12% of the decrease in plasma 
concentration in the first 10 minutes after injection of con- 
trast is caused by renal excretion; the remainder (88%) of 
the rapid decline is due to equilibration of the contrast 
throughout the ECF. While only 12% of the decrease in 
contrast concentration was due to excretion of the contrast 
by the kidneys, this 12% represents the critical amount of 
contrast that produces the diagnostic opacification of the 
urinary tract during urography because it is during this pe- 
riod that glomerular filtration of the contrast medium is at 
its maximum (Fig. 4.18). It is therefore within the first few 
moments after injection that the nephrogram, representing 
contrast within the renal tubules, is at its peak intensity. 
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FIGURE 4.17. Graph showing that a linear relationship between 
plasma contrast concentration normalized to body surface area 
and administered dose is present 10 minutes after intravenous in- 
jection. (From Cattell WR, Fry IK, Spencer AG, et al. Excretory 
urography I: factors determining the excretion of Hypaque. Br J 
Radio! 1967;40(476):561-571, 1967, with permission.) 


The degree of opacification of the urinary tract is not a 
function of the concentration of the contrast medium in the 
urine alone, but rather that it is the total amount of contrast 
(urinary contrast concentration times the volume of urine 
produced) on which opacification depends. Thus, opacifi- 
cation depends on the total number of iodine atoms in the 
path of the x-ray beam, rather than their concentration in 
the urine. There is also a dose-related increase in urine flow 
rate that occurs after contrast administration related to the 
fact that the contrast medium acts as an osmotic diuretic 
(Fig. 4.19). 

As we previously noted, the formula for glomerular fil- 
tration is 


U: Ve 


GFR = [4] 


c 
Opacification of the urinary tract can be described by rear- 
ranging the equation so that 


U.V. = GFR X P. [5] 


where U, is the urinary contrast concentration, Ve is the vol- 
ume of urine produced, P, is the plasma concentration of 
contrast, and GFR is the patient’s glomerular filtration rate. 
The product, U.V,, therefore, represents the total amount 
of contrast medium in the urine. Because the GFR is fixed 
in any given patient, the only factor over which the radiolo- 
gist has control is the plasma concentration, and this is di- 
rectly related to the dose of contrast medium and the speed 
with which it is administered. Thus, the intensity of the 
nephrogram is directly related to these two factors. As a 
corollary, in a patient with a reduced GFR, P. must be raised 
proportionately to achieve the same U.V. that would give 
satisfactory opacification in a patient with normal renal 
function. While the rate of excretion of contrast medium is 
greatest in the first 10 minutes after injection, it falls loga- 
rithmically thereafter. With increasing time, the contrast 
that had equilibrated with the ECF, returns to the vascular 
space and is excreted. Approximately 24 hours is required to 
excrete 100% of the administered dose (Fig. 4.20). 

The sequential change in computed tomography (CT) 
attenuation value for the renal cortex that occurs after bolus 
administration of contrast medium intravenously directly 
correlates with the amount of iodine administered. Indeed, 
a plot of CT number against time (Fig. 4.21) produces a 
curve similar in appearance to the plot of plasma contrast 
concentration against time. Therefore, the change in CT 
number in the renal cortex following contrast administra- 
tion accurately reflects the physiology of contrast excretion. 


Physiologic Considerations 
Age and Dose 


There is a progressive decrease in GFR with age; this is gen- 
erally attributed to nephron loss as a result of nephrosclero- 
sis (Table 4.1). This nephron loss may not be reflected in the 
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FIGURE 4.18. Minimum and maximum plasma concentration of contrast material at various dose 
levels plotted against the time after injection. Approximately 12% of the rapid fall is due to ex- 
cretion of the contrast in the urine. (From Dure-Smith P, Simenhoff M, Zimskind PD, et al. The bo- 
lus effect in excretory urography. Radiology 1971;101 :29-34, with permission.) 
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FIGURE 4.19. Minimum and maximum urine flow rates following varying doses of contrast ma- 
terial. (From Dure-Smith P, Simenhoff M, Zimskind PD, et al. The bolus effect in excretory urogra- 
phy. Radiology 1971;101:29-34, with permission.) 
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FIGURE 4.20. Graph demonstrating cumulative excretion of 
Hypaque. (From Cattell WR, Fry IK, Spencer AG, et al. Excretory 
urography 1-factors determining the excretion of Hypaque. Br J 
Radiol 1967;40(476):561-571, 1967, with permission.) 


serum creatinine level, because there is a corresponding loss 
of muscle mass, as well. In addition, atheromatous disease 
results in nephron loss from multiple small cortical infarcts. 
As a result, it is prudent to administer a higher dose of con- 
trast medium to patients in an older age group. 
Correspondingly, in the pediatric age group, there is an 
inverse relationship between age and the GFR; at birth, the 
absolute GFR is under 5 mL per minute, which, when cor- 
rected for body surface area, represents a GFR of 20 to 30 
mL per minute per 1.73 m°. By the age of 1 year, however, 
the GFR corrected for body surface area has reached a level 
comparable to that of the adult patient; however, the abso- 


TABLE 4.1. CONTRAST DOSE SCHEDULE FOR 
EXCRETORY UROGRAPHY? 


m 


Adults 
< 40 yr of age 100-150 mg lz/lb ("3-2 mL/Ib} 
40-55 yr 150-200 mg lz/lb ("/2—-/4 mL/Ib) 
>55yr 200-300 mg I2/lb (7/41 mL/Ib up to a 


maximum initial dose of 125 mL 


Pediatric patients 
Infant 400 mg lz/lb (1'/2 mL/Ib) 
Childhood 300 mg lz/lb (1 mL/Ib) 
Adolescence 150-200 mg Ia/lb ("/2-7/4 mL/Ib) 


a Dosage in parentheses is calculated using standard urographic 
media containing 300 mg I2/mL. 


lute GER in children remains diminished until adolescence. 
It is customary, therefore, to use a larger dose related to body 
weight in the pediatric age group than is commonly used for 
adult examinations. 


Other Considerations 


Type of Contrast Medium. With conventional ionic con- 
trast media, the various anions in use are all derivatives of 
benzoic acid, and the differences in these anions usually does 
not significantly affect the renal handling of the medium. 
The cations, sodium or methylglucamine, however, do 
affect the physiologic property of the contrast. The sodium- 
based media result in a higher urinary contrast concentra- 
tion, because the sodium is resorbed actively by the tubules. 
Methylglucamine, however, is not resorbed by the tubules, 
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FIGURE 4.21. The sequential change in com- 
puted tomography (CT) numbers measured in 
the renal cortex following an acute injection of 
contrast material shows a rapid decline similar 
to that shown in Figure 4.18 (From Brennan RE, 
Curtis JA, Pollack HM, et al. Sequential changes 
in the CT numbers of the normal canine kidney 
following intravenous contrast administration. 
l. The renal cortex. Invest Radiol 1979;14(2): 
141-148, with permission.) 
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and therefore contributes to the osmotic diuresis that is ob- 
tained after contrast administration. In practice, however, 
the differences between sodium and methylglucamine are 
very slight, and in the vast majority of patients, do not sig- 
nificantly affect urographic quality. 

With low-osmolar contrast media, a significantly higher 
urinary contrast concentration is produced and is accompa- 
nied by a significantly reduced osmotic diuresis compared 
with ionic contrast media. Total iodine excretion rates, how- 
ever, are similar (Fig. 4.22). It has been demonstrated that 
urography using low-osmolar contrast media produces per- 
ceptibly greater opacification of the collecting system, but 
that abdominal compression is required to achieve satisfac- 
tory distention. There is little perceptible difference in the 
quality of the tubular phase (nephrogram) of the urogram. 


State of Hydration. In the past, overnight fluid restriction 
often was recommended to improve the diagnostic quality 
of urography. The rationale of this approach was based on 
solid physiologic principles—namely, that in a dehydrated 
state, ADH production is stimulated and this results in a 
more concentrated urine. At the same time, however, a 
lower urine volume is produced. It has been shown, how- 
ever, that the usual period of overnight fluid restriction is in- 
effective in producing a statistically significant change in 
preinjection urinary osmolality. Furthermore, attempted 
dehydration may pose an increased risk to the patient, par- 
ticularly, the so-called high-risk debilitated patient or the 
patient with multiple myeloma. Thus fluid restriction be- 
fore contrast administration is not recommended. 

It is clear, however, that deliberate overhydration may 
have an adverse effect on pyelographic density when the hy- 
dration is sufficient in and of itself to produce a sustained di- 
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uresis. It is unlikely that such a diuresis could be achieved in 
the average patient with routine oral hydration, but in pa- 
tients being hydrated with intravenous fluids, a “washout” 
of the pyelogram can occur. This is often the case, for ex- 
ample, when an emergency urogram is performed in 
surgery. The quality of the nephrogram, however, is usually 
unaffected. 

The ideal patient for urography, therefore, is one in a 
state of euhydration, and this is probably best achieved by 
giving the patient or the referring physician no specific in- 
structions on fluid intake before a urographic study. 


Type of Examination. Much of the foregoing discussion 
has centered on the physiologic factors affecting the quality 
of opacification in excretory urography. As has been dis- 
cussed, the greatest single factor affecting the quality of the 
urogram is the dose of contrast administration. 

The optimal method of contrast administration for body 
CT has been studied extensively. After contrast administra- 
tion, three distinct phases of contrast enhancement can be 
identified: (a) a bolus phase [an attenuation difference of 30 
Hounsfield units (HU) or greater between the aorta and the 
inferior vena cava]; (b) a nonequilibrium phase (aorto-caval 
difference of between 10-30 HU); and (c) an equilibrium 
phase (aorto-caval difference of less than 10 HU). Studies 
have suggested that enhancement and thus tissue differenti- 
ation is greatest in all three phases for body CT when the 
contrast medium is administered as a bolus rather than by 
infusion technique. During spiral (helical) CT examination, 
three distinct phases of contrast enhancement of the kidneys 
can be seen after a bolus of contrast medium has been ad- 
ministered by a mechanical injector: these are termed (a) the 
corticomedullary phase (15 to 30 seconds after injection), 
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FIGURE 4.22. The total excretion rates for non- 
ionic, ionic low osmolar, and conventional contrast 
media are similar. (From Spataro RF, Fischer HW, 
Boylan L: Urography with low-osmolality contrast 
media: comparative urinary excretion of iopami- 
dol, Hexabrix, and diatrizoate. Invest Radiol 1982; 
5(17):494-500, with permission.) 


Chapter 4: Functional Renal Anatomy, Renal Physiology, and Contrast Media 83 


(b) the nephrographic phase (60 to 90 seconds), and (c) the 


excretory phase (more than 120 seconds). 


Extrarenal (Vicarious) Excretion 


In patients with normal renal function, less than 1% of a 
dose of injected contrast medium is excreted via a nonrenal 
route. The primary routes of nonrenal excretion are through 
the biliary tract and the small bowel. Under normal circum- 
stances, this excretion is not detectable on plain radiographs, 
even when a high dose of contrast medium is employed. 
Contrast may be visible, however, in the gallbladder on CT 
scans made 15 to 48 hours after a large dose of contrast 
medium is administered. This visibility is presumed to be 
related to the high contrast sensitivity of CT and is not a 
manifestation of renal or hepatic disease. 

In patients with depressed renal function, however, ex- 
cretion of the contrast via the biliary and small bowel routes 
is markedly increased and may be visible on plain films. 
Such excretion has been termed vicarious excretion. The ex- 
act mechanism for this phenomenon is not certain, but it is 
speculated that in such patients protein binding of the con- 
trast medium occurs and that this results in increased hep- 
atic excretion. As a corollary, contrast administration is be- 
lieved to be contraindicated in patients with hepatic and 
renal disease, because both the hepatic and renal routes for 
excretion may be impaired. In addition to biliary excretion, 
there is evidence that there is direct transmural excretion of 
contrast through the small bowel. Such excretion is usually 
not visible until the contrast reaches the colon, where water 
absorption increases the concentration of the contrast 
medium. Direct colon excretion of the contrast medium is 
not thought to occur. 

The phenomenon of vicarious excretion may occasion- 
ally be seen in patients with unilateral ureteral obstruction 
but a functioning opposite kidney, and in whom overall re- 
nal function is normal. The explanation for such cases is 
poorly understood; there is speculation that this is related to 
decreased total renal blood flow and prolonged recirculation 
of the contrast medium. 

There has been a concern that the administration of con- 
trast media to patients with little or no renal function might 
have adverse hemodynamic effects, and, therefore, immedi- 
ate hemodialysis after contrast administration should be in- 
stituted. It has been shown, however, that dialysis is not nec- 
essary and that even functionally anephric patients can be 
given nonionic contrast media without discernible effects. 
The contrast so administered will be excreted through bil- 
iary and small bowel routes. 


CONTRAST MEDIA—PHYSICAL PROPERTIES 


A variety of physical and chemical properties may be used to 
describe the contrast media in general use in the United 


States. With the older, ionic contrast media, the strength of 
the contrast is frequently expressed in terms of percent con- 
centration. This number represents the number of grams of 
contrast per 100 mL of water. For example, Hypaque 50 
(Nycomed Inc., NY, NY) is 50 g of sodium diatrizoate in 
100 mL of water. This designation does not, per se, describe 
the amount of iodine in solution; but in general, the higher 
the percent concentration, the more radioopaque the con- 
trast medium. Some contrast media use the numerical des- 
ignation to denote the amount of iodine in milligrams per 
milliliter of the contrast medium. Thus, Conray 325 
(Mallinckrodt Chemical Works, St. Louis, MO) contains 
325 mg of iodine per milliliter of solution. 

The osmolality of a contrast solution is equal to the num- 
ber of particles in solution per kilogram of water. It is deter- 
mined by the concentration of contrast medium and the 
molecular size of the compound. Thus 


Osmolality (mOsmol/kg) = mae xXKxXG 
[6] 
where N is equal to the number of iodine atoms per 
molecule; 127 is the molecular weight of iodine; K is the 
number of particles in solution; and G is the osmotic coef- 
ficient of the specific media that varies with concentration 
and molecular size. Because K is equal to two for ionic con- 
trast media and is equal to one for nonionic contrast media, 
one can readily determine that the nonionic agents have ap- 
proximately one-half the osmolality of ionic agents at equal 
iodine concentrations. The osmolality of differing contrast 
media must be compared with one another at equal iodine 
concentrations, because the lower the iodine concentration, 
the lower the osmolality. In general, the larger the molecu- 
lar weight of the agent, the lower the osmolality. 

Another physical property of contrast media is viscosity. 
This property describes the relative adhesiveness of the 
molecules of the contrast medium for one another and is im- 
portant because the viscosity of the contrast determines how 
rapidly the contrast may be injected. The viscosity of con- 
trast media decreases with increasing temperature. The unit 
of viscosity is the poise; the commonly used unit is the cen- 
tipoise (CPS), which is equal to 0.01 poise. 

A list of several of the contrast media commonly used in 
uroradiology in the United States is presented in Table 4.2. 


Drug Incompatibilities 


Conventional ionic contrast medium forms a precipitate 
when mixed with some drugs, including some antihis- 
tamines and amobarbital sodium. Ioxaglate has been re- 
ported to be incompatible with vasodilators such as pa- 
paverine. To prevent such incompatibilities, it is important 
that intravenous lines or catheters be thoroughly flushed be- 
fore injecting pharmacologic agents after contrast medium 
has been injected. 
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TABLE 4.2. COMMONLY USED CONTRAST MEDIA IN URORADIOLOGY 


Amount Viscosity 
oflodine Osmolality at 37°C 
Trade Name Generic Name Manufacturer Type/Ratio? Solution (mg/mL) (mOsmol/kg) (CPS) 
Conventional lonic Contrast Media 

Cysto Conray II meglumine iothalmate Mallinckrodt ionic monomer/1.5 17.2 81 430 1.5° 
Cystografin meglumine diatrizoate Bracco ionic monomer/1.5 18 85 349 1.44 
Conray-30 meglumine iothalmate Mallinckrodt ionic monomer/1.5 30 141 681 1.43 
Hypaque 30% meglumine diatrizoate Nycomed ionic monomer/1.5 30 141 633 1.43 
Reno-M-DIP meglumine diatrizoate Bracco ionic monomer/1.5 30 141 644 1.44 
Conray 43 meglumine iothalmate Mallinckrodt ionic monomer/1.5 43 202 1025 2.24 
Conray meglumine iothalmate Mallinckrodt ionic monomer/1.5 60 282 1539 4.13 
Reno-M-60 meglumine diatrizoate Bracco ionic monomer/1.5 60 282 1404 4.44 
Renografin-60 sodium 8% Bracco ionic monomer/1.5 60 292 1450 4.27 

meglumine 52% 

diatrizoate 
Hypaque 50% sodium diatrizoate Nycomed ionic monomer/1.5 50 300 1515 2.43 
Conray 325 sodium iothalmate Mallinckrodt ionic monomer/1.5 54.3 325 1797 2.83 
Hypaque 60% meglumine diatrizoate Nycomed ionic monomer/1.5 60 282 1415 4.10 
Hypaque 76% sodium 10% Nycomed ionic monomer/1.5 76 370 2016 8.32 

megiumine 66% 

diatrizoate 
Renografin 76 sodium 10% Bracco ionic monomer/1.5 76 370 1940 8.40 

meglumine 66% 

diatrizoate 
Conray 400 sodium iothalmate Mallinckrodt ionic monomer/1.5 66.8 400 2348 4.49 

Low Osmolar Contrast Media 

Omnipaque 240 iohexol Nycomed nonionic monomer/3.0 51.8 240 520 3.40 
Optiray 240 ioversol Mallinckrodt nonionic monomer/3.0 50.9 240 502 3.00 
Ultravist 240 iopromide Berlex nonionic monomer/3.0 51.8 240 483 2.80 
Isovue 250 iopamidol Bracco nonionic monomer/3.0 51.0 250 524 3.00 
Visipaque 270 iodixanol Nycomed nonionic dimer/6 55 270 290 5.9 
Isovue 300 iopamidol Bracco nonionic monomer/3.0 61.2 300 616 4.70 
Oxilan 300 ioxilan Cook Imaging nonionic monomer/3.0 62 300 585 5.1 
Ultravist 300 iopromide Berlex nonionic monomer/3.0 64.7 300 607 4.90 
Omnipaque 300 iohexol Nycomed nonionic monomer/3.0 64.7 300 672 6.30 
Optiray 320 ioversol Mallinckrodt nonionic monomer/3.0 67.8 320 702 5.80 
Visipaque 320 iodixanol Nycomed nonionic dimer/6 65.2 320 290 10.3 
Hexabrix sodium 19.6% Mallinckrodt monoacidic ionic 58.9 320 600 7.50 

meglumine 39.3% dimer/3.0 

ioxaglate 
Omnipaque 350 iohexol Nycomed nonionic monomer/3.0 75.5 350 844 10.4 
Optiray 350 ioversol Mallinckrodt nonionic monomer/3.0 75.5 350 792 9.00 
Oxilan 350 ioxilan Cook Imaging nonionic monomer/3.0 73 350 695 8.1 
Isovue 370 iopamidol Bracco nonionic monomer/3.0 75.5 370 796 9.40 
Ultravist 370 iopromide Berlex nonionic monomer/3.0 76 370 774 10.0 


a Ratio, Number of iodine atoms per molecule/number of particles in solution. 


P at 25°C. 


ADVERSE REACTIONS TO CONTRAST MEDIA 


Reactions to contrast media, while uncommon, continue to 
constitute a significant hazard to patients despite consider- 
able research into their nature, incidence, and mechanism. 
Minor side effects including flushing, a metallic taste in the 
mouth, and tachycardia are common; they usually resolve 
within a few minutes and should not be considered reac- 
tions in the usual sense. 


Adverse effects of contrast media can generally be divided 
into two groups: (a) idiosyncratic or anaphylactoid reac- 
tions, those that mimic an allergic response to contrast me- 
dia; and (b) chemotoxic effects, those thought to be sec- 
ondary to a direct toxic effect of the contrast medium. Since 
many of the known reactions to contrast media mimic those 
produced by known allergens (i.e., urticaria or bron- 
chospasm) but are not mediated by immunoglobulins, these 
reactions are sometimes referred to as anaphylactoid. 
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Idiosyncratic Reactions 


Idiosyncratic reactions are generally classified as: (a) mild, 
(b) moderate, (c) severe, and (d) death. Mild reactions are 
defined as those having physiologic side effects requiring no 
therapy. Moderate reactions are those that are transient and 
not life-threatening, but usually require therapy. Severe re- 
actions are defined as those that are life-threatening and that 
require intensive therapy. The symptoms of these reactions 
are listed in Table 4.3. 

In separate studies, Shehadi (1975) and Ansell (1970) 
cite an overall incidence of 4.7% of contrast reactions with 
conventional ionic high-osmolar contrast media (HOCM) 
in unselected series after intravenous injection. Of these, 
mild reactions represent the great majority (3.3%). 
Moderate reactions comprise 1% to 2%. Severe reactions 
occur in only 0.009% of patients after intravenous contrast 
injection. 

Objective data on the incidence of contrast reactions 
with low-osmolar contrast media (LOCM) have been based 
mostly on trials outside the United States. Katayama evalu- 
ated more than 300,000 patients who received intravenous 
contrast media for a variety of examinations in Japan. The 
overall incidence of an adverse drug reaction was 12.7% in 
those who received ionic contrast media; in patients who re- 
ceived nonionic contrast media, the overall incidence was 
3.1%. More importantly, the incidence of severe and very 
severe contrast reactions was 0.26% for ionic media and 
0.04% for nonionic media. Katayama estimated that non- 
ionic media could be considered safer by a factor of six com- 
pared with conventional contrast. In another study, Palmer 
reviewed 106,000 patients for the Royal Australian College 
of Radiology. Their patients were stratified into high- and 
low-risk categories and were given ionic or nonionic con- 
trast media at the discretion of the attending radiologist. 
Adverse reactions occurred 5 times more commonly in low- 
risk patients who received ionic media compared with those 
who received nonionic contrast. Reactions were 3 times 
more common in low-risk patients who received ionic con- 
trast media when compared with high-risk patients who re- 
ceived nonionic contrast media. Severe reactions were 4.5 
times as common in the ionic group for all patients. While 
the methodology of this study has been criticized, the results 


are generally consistent with the findings of other large-scale 
trials. Lasser (1997) noted, in data compiled from reports of 
adverse reaction reported to the U.S. Food and Drug 
Administration, that the total number of adverse reactions 
for ionic media were 193.7 per million examinations, 44.44 
per million examinations for nonionic media, and 142.52 
per million examinations for the low osmolar ionic medium, 
ioxaglate. While the total number of reactions were signifi- 
cantly higher with ionic media, and the incidence of deaths 
was approximately 1.9 times greater for ionic media, the 
proportion of severe reactions to the total number of reac- 
tions was higher with the nonionic media. 

The incidence of death after intravenous injection of 
conventional ionic contrast media has generally been re- 
ported as 1:40,000. The death rate in patients who receive 
nonionic contrast media has been difficult to estimate. 
There were only two deaths in Palmer’s study (both in the 
ionic group), and only one death in each group in the 
Katayama study. In Lasser’s report, the incidence of death 
per total number of reactions for ionic media was 2 per mil- 
lion examinations and for nonionic media was 4.7 per mil- 
lion examinations. 

Because so few deaths have been reported in these large- 
scale comparative studies, Caro and associates (1991) un- 
dertook to examine the relative frequency of death after in- 
travascular contrast administration using metaanalysis, a 
technique whereby data from independent studies can be 
combined for statistical analysis. This study indicated that 
the risk of death is very low with either type of contrast me- 
dia and that there is no statistically significant difference be- 
tween LOCM and HOCM. For severe reactions, it was es- 
timated that a risk reduction of 126 per 100,000 contrast 
examinations could be achieved by using LOCM. Thus, the 
authors concluded that 80% of severe reactions associated 
with HOCM could be prevented with LOCM. Other large- 
scale studies also have confirmed that the difference in death 
rate for the two classes of contrast media is small. 

Lalli (1980), in a survey based on data reported by man- 
ufacturers involving deaths due to contrast media, found 
that the majority of deaths involved a cardiovascular event 
including acute myocardial infarction, ventricular fibrilla- 
tion, or pulmonary edema. The initial symptoms in patients 
who subsequently had a fatal contrast reaction was fre- 


TABLE 4.3. SYMPTOMS OF CONTRAST MATERIAL REACTIONS 


Minor Intermediate 


Severe 


Nausea 

Mild vomiting, retching 
Heat sensation 

Mild urticaria 

Flushing 

Arm pain 

Tachycardia 

Sneezing 


Faintness, mild hypotension 
Severe vomiting 
Generalized urticaria 


Dyspnea 
Facial edema 
Vasovagal reaction 


Bronchospasm, laryngospasm (mild) 


Hypotension (systolic blood pressure < 70 mm Hg) 
Loss of consciousness 

Pulmonary edema 

Epiglottic edema, severe bronchospasm 

Cardiac arrest 

Sustained cardiac arrhythmia 
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quently nausea and vomiting or respiratory distress. Other 
common initial symptoms include hypotension, cardiac ar- 
thythmia, seizures, restlessness, and chills. Only one patient 
in this series presented with urticaria as the initial manifes- 
tation of a subsequently fatal reaction. 


Risk Factors 


Factors that predispose a patient to developing an idiosyn- 
cratic reaction to contrast medium have been extensively 
studied. In general, patients at greatest risk are in the older 
age groups and have significant preexisting disease. 

Patients with a history of allergy to food, drugs, and rag- 
weed (i.e., hayfever) or asthma have an increased chance of 
having a contrast reaction, but the magnitude of this in- 
creased risk varies somewhat in the reported series (Table 
4.4), Witten and colleagues indicate a minimal increased 
risk for most types of allergies when compared with the 
overall 4.7% incidence of reactions in the general public, 
while Shehadi (1975) indicates that the risk may be in- 
creased as much as threefold. The data are of special interest 
with respect to seafood allergy that is popularly believed to 
correlate highly with a sensitivity to contrast. Using 
Shehadi’s (1975) data, 85% of such patients will undergo a 
contrast examination without an adverse reaction. 

A history of a previous reaction to the administration of 
contrast media is the greatest single predictor of an untoward 
reaction. In the series by Witten and colleagues, 20% of pa- 
tients giving a history of mild or moderate reaction to con- 
trast on reexamination suffered a contrast reaction; in 
Shehadi’s (1975) series, the number varied between 16% and 
22%. No patient in Witten’s series experienced a reaction 
that was more serious than was the case on the prior exposure 
to the contrast medium, although this occurrence has been 
reported by others. A history of prior exposure to contrast 
media without difficulty in the past does not confer immu- 
nity to a subsequent contrast reaction. Multiple cases have 
been reported in which patients suffered a contrast reaction 


TABLE 4.4. INCIDENCE OF REACTIONS RELATED 
TO TYPE OF ALLERGIC HISTORY? 


Incidence of Reaction (%) 


Type of Allergy Witten Shehadi 
Asthma 6 11.2 
Hayfever 4 10.3 
Seafood 6 15 
Other food 6 14 
Other allergies 7 13 
Penicillin, sulfa — 7.5 


a From Witten, DM Hirsch, FD and Hartman, GW. Acute reactions to 
urographic contrast medium. AJR Am J Roentgenol 1973;119: 
832-840. Shehadi, WH: Adverse reactions to intravascularly 
administered contrast media. AJR Am J Roentgenol 1975;24: 
145-152, with permission. 


after several prior studies without difficulty. In Shehadi’s 
1982 report from the cooperative study of the International 
Society of Radiology, approximately 1% of the reactions re- 
ported occurred in patients with a history of no reaction to a 
prior examination. Thus, a history of prior mild or moderate 
reaction to contrast media should not be taken as an absolute 
contraindication to reexamination when a repeated study is 
grounded on sound medical indications. At worst, only 20% 
of such patients will experience a contrast reaction on rechal- 
lenge. A history of a severe reaction to contrast media, how- 
ever, is considered a contraindication to reexamination in all 
but the most urgent cases. 

In a randomized prospective study designed to identify 
which risk factors were important predictors of an increased 
risk of a contrast reaction, Barrett (1992a) concluded that a 
history of prior contrast medium reaction and a history of 
allergy to food or drugs were the only independent risk fac- 
tors associated with a statistically important increased risk of 
reaction. This study was unable to validate the previous ob- 
servation that a history of asthma also places the patient at 
increased risk. 


Other Factors 
Sex 


The incidence of reactions is virtually identical overall in 
men and women. 


Age 


The incidence of moderate and severe reactions is approxi- 
mately equal in all age groups. The data do not validate the 
commonly held notion that reactions are virtually unknown 
in the pediatric population. Ansell’s (1980) data indicate 
that the majority of deaths, however, occur in the older 
(greater than 50 years) age group. Most of the deaths occur 
in patients with significant preexisting cardiac or vascular 
disease. This observation also has been substantiated by 


Shehadi (1985). 


Dose 


The incidence of reactions is unrelated to the dose for mild 
and moderate reactions; for severe reactions, the incidence 
appears to be slightly higher when larger doses (greater than 
20 g of iodine) are used. 


Rate of Administration of the Contrast 


Several studies have shown no difference in the rate of reac- 
tions when rapid administration of the contrast was com- 
pared to slow injection. These data contrast with the popu- 
lar opinion that rapid administration of the contrast 
increases its side effects. Federle showed that the bolus in- 
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jection of warm ionic contrast media at a rate of 1-2-2.5mL 
per second caused no significant increase in nausea com- 
pared to a similar infusion of nonionic contrast agents. 


Type of Examination 


Intraarterial contrast injection appears to reduce the overall 
incidence of reactions by approximately one half to an inci- 
dence of 2.3%; however, it may be associated with a higher 
percentage of severe reactions than the intravenous route. 
With nonvascular examinations, (e.g., retrograde pyelogra- 
phy) the exact incidence of reactions is very difficult to de- 
termine, but anaphylactoid reactions and deaths have been 
reported. In these cases, it is assumed that a small amount of 
contrast has been absorbed into the vascular system. 


Type of Contrast 


There appears to be little difference among the HOCM in the 
overall rate of reactions. Ansell (1970) reports, however, that 
bronchospasm appears to be 4 times as common when the 
methylglucamine salts are used compared with the pure 
sodium salts. The data for LOCM have been described in the 
previous section. Ioxaglate (Hexabrix), however, appears to 
produce nausea and vomiting with frequency comparable to 
that of HOCM. This is in contrast to the nonionic media in 
which the incidence of nausea and vomiting is less than 1.5%. 


Timing of Reactions 


Most contrast reactions occur within the first 10 minutes af- 
ter injection of the contrast medium; some patients have 
symptoms almost immediately, while in others, the reaction 
is not noted until the end of the examination. A few patients 
report the development of arm pain or urticaria several 
hours after the examination has been completed. 

Late reactions to contrast media (defined as those occur- 
ring between 30 minutes and 2 days after contrast adminis- 
tration) also have been reported with LOCM and HOCM, 
but have been particularly associated with the nonionic 
dimer, iotrolan. A retrospective study in Sweden, however, 
failed to detect any significant difference in the incidence of 
late reactions when iodixanol was compared to iohexol. For 
the most part, such reactions are not severe and most often 
are manifested by headache or a skin eruption; they are usu- 
aliy described as self-limiting, 

An atypical form of late reaction to contrast medium has 
also been reported in patients receiving interleukin-2 for 
chemotherapy. The majority of such reactions occur 1 to 8 
hours after contrast exposure and consist of erythema, diar- 
thea, flu-like symptoms, flushing, joint pain, pruritus, and 
other nonspecific symptoms. Such reactions recall or mimic 
those produced by the chemotherapy itself. In an occasional 
patient, such symptoms may be sufficiently severe to require 
hospitalization. 


Miscellaneous Factors 


Patients receiving beta-adrenergic blockers or those with se- 
vere underlying cardiovascular disease have been shown to 
be at increased risk for developing an anaphylactoid reaction 
manifested as bronchospasm. 


Mechanism of Contrast Reactions 


At present, there is no universally accepted mechanism that 
explains the diverse manifestations of idiosyncratic contrast 
reactions. Possible mechanisms are listed in Table 4.5. 

Brasch has been the principal proponent of an antigen-an- 
tibody mediated mechanism. There are a few case reports in 
which IgE or IgM antibodies to contrast have been reported 
in patients suffering severe contrast reactions. Brasch also has 
demonstrated significantly greater binding of serum immune 
globulins in patients who have had contrast reactions when 
compared with nonreactors. Analogues of contrast media, 
when chemically linked to a carrier protein, can act as a hap- 
tene and induce antibodies in rabbits. Indeed, the most sug- 
gestive evidence, albeit indirect, in support of the antigen-an- 
tibody hypothesis is the immune-like nature of some contrast 
reactions, and thus the designation anaphylactoid. 

Despite these data, there is overwhelming evidence that 
in the majority of cases, contrast reactions are not mediated 
by the immune system. The fact that some patients react on 
their first exposure to contrast (and thus, before any sensiti- 
zation) and that most repeat reactions are not progressive 
militate against the immune theory. In addition, no circu- 
lating antibody can be demonstrated in the sera of the vast 
majority of patients studied after contrast reactions. Finally, 
rats immunized with diatrizoate conjugated to albumin do 
not manufacture anticontrast immunoglobin (IgE). 

Histamine release has been implicated in the pathogene- 
sis of contrast reactions. It is known that contrast can induce 
histamine release from mast cells and basophils, but whether 


TABLE 4.5. POSSIBLE MECHANISMS 
FOR IDIOSYNCRATIC CONTRAST 
REDUCTIONS 


Antigen-antibody reaction 


Anxiety 

Cholinesterase inhibition 

Calcium binding 

Complement activation 

Disruption of the bloodbrain barrier 
Hemodynamic alterations 

Histamine release 

Injection of impurities 

Protein binding 


Modified from Katzberg RW, ed. The Contrast 
Media Manual. Baltimore: Williams & Wilkins, 
1992, with permission. 
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this can occur in sufficient quantities to produce the type of 
reaction seen with contrast sensitivity has been questioned. 
Activation of the complement system has been shown to oc- 
cur after contrast administration, and this mechanism is im- 
plicated by other authorities. Whether a cause-and-effect re- 
lationship berween complement activation and the clinical 
syndrome of contrast sensitivity exists remains in doubt, 
however. 

Attention also has been directed toward the contact sys- 
tem as a cause of reactions to contrast media. This system 
begins with activation of clotting factor XII (possibly by lo- 
cal disruption of the vascular endothelium as a result of the 
needle puncture and the introduction of the contrast 
medium) and continues as a cascade involving the activation 
of kallikrein from prekallikrein and kinins from high- 
molecular-weight kinogens. Lasser (1980) has demonstrated 
a higher rate of prekallikrein-kallikrein transformation in 
patients who have suffered contrast reactions than in nonre- 
actors. 

Still other factors have been implicated. Clustering of re- 
actions has at times suggested that these adverse effects are 
the result of contamination of the contrast medium itself, 
rather than as the result of an untoward reaction to the con- 
trast on the part of the patient. Chemical tests of contrast 
medium from the same lot of contrast implicated in a con- 
trast reaction, however, have almost always proven fruitless. 
It has been suggested that such clustering may be the result 
of contamination of the contrast medium by lubricants or 
other contaminants in the rubber seals of the plastic syringes 
used to inject the contrast. This observation prompted the 
recommendation that contrast media be drawn into the sy- 
ringe immediately before use rather than in advance, as is 
done in many departments. It is further recommended that 
contrast media be stored upright, so as to avoid contamina- 
tion from the rubber stoppers used to seal the contrast vials. 
Finally, additives, preservatives, or chelators added to the 
contrast media by the manufacturers have been implicated 
as a possible source of untoward contrast reactions. 

The observation that LOCM are associated with a lower 
rate of contrast reactions has directed attention toward os- 
molality as an important factor in the genesis of contrast re- 
actions. Although many hemodynamic effects of contrast 
are reduced with LOCM (see Chemotoxic Effects, below) it 
is difficult to attribute a reduction in idiosyncratic reactions 
to this factor alone. LOCM also reduce the binding of ion- 
ized calcium, which has been implicated as a possible mech- 
anism for the induction of ventricular fibrillation during 
coronary angiography. In addition, since LOCM are associ- 
ated with a lower degree of lipid binding, there is a lower de- 
gree of neurotoxicity because of reduced penetration of the 
blood-brain barrier. Some have speculated that this mecha- 
nism might explain the reduced incidence of reactions seen 
with LOCM if such reactions are mediated by a central ner- 
vous system mechanism. 

Iodism, an acute reaction to the iodine itself, is a syn- 


drome characterized by sialadenitis, diarrhea, and occasion- 
ally pulmonary edema that has been reported after contrast 
administration. Such cases are referred to as “iodine 
mumps.” Such cases are reported with both LOCM and 
HOCM. Contact allergy to iodine-containing products is 
thought to be unrelated to contrast sensitivity. As such, sen- 
sitivity to such iodine containing products such as povi- 
done-iodine solution (Betadine, The Purdue Frederick Co., 
Norwalk, CT)) should not be considered a contraindication 
to the administration of contrast media. 


Prevention of Anaphylactoid Contrast 
Reactions 


Attempts to predict or modify anaphylactoid reactions to 
contrast media have been attempted with varying degrees of 
success for a number of years. Predictions of those who will 
have an adverse reaction to contrast media have largely cen- 
tered around the use of a test dose of contrast. At various 
times, intradermal, subcutaneous, intraoccular, and intra- 
venous test doses of contrast have been used. The most 
widely used procedure has been the intravenous test dose; 
however, it has not been shown reliably to predict a subse- 
quent adverse reaction to the full dose of contrast medium, 
and its use has been abandoned. 

The routine use of antihistamines, either mixed with the 
contrast media or administered immediately before the con- 
trast study, was described more than 40 years ago. No data, 
however, show that this technique in any way modifies the 
overall incidence of severe adverse reactions to contrast 
medium. 

Because of the anaphylactoid-like nature of idiosyncratic 
reactions, the empirical use of corticosteroids to prepare 
“high-risk” patients for contrast studies has been used for 
many years. A multiinstitutional randomized prospective 
study reported by Lasser (1987) showed that two doses of 
orally administered corticosteroids (methylprednisolone, 32 
mg) at 12 and 2 hours prior to a contrast examination sig- 
nificantly reduced the incidence of contrast reactions of all 
types in a group of patients who received conventional ionic 
contrast media. There was no such protective effect in a 
group of patients who received a single dose of steroids 2 
hours before examination. In this study, Lasser found that 
the incidence of contrast reactions using conventional ionic 
media with steroid pretreatment approached the overall in- 
cidence of reactions using nonionic media without pretreat- 
ment. In another study, Wolf, Arenson, and Cross (1989), 
using an identical protocol to the one used by Lasser, found 
an overall incidence of reactions of 4.4% in those who re- 
ceived ionic contrast, 4.0% in those who received ionic con- 
trast and steroid premedication, and 0.6% in those who re- 
ceived iohexol. In an update of the above study, which 
involved almost 9,000 patients, Wolf (1991) reported that 
iohexol reduced mild reactions by sixfold, moderate reac- 
tions by sixfold to ninefold, and severe reactions by tenfold 
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when compared with ionic contrast alone or in combination 
with steroid premedication. 

Greenberger has presented data on clinical trials of pre- 
treatment with corticosteroids in patients who have a his- 
tory of a prior contrast reaction. In this study, 10 of 150 pa- 
tients experienced mild reactions on rechallenge with 
contrast medium, an incidence well below that which would 
have been predicted if no pretreatment regimen had been 
used. There were no serious contrast reactions in this series. 
The regimen they used consisted of prednisone, 50 mg 
orally, every 6 hours, for three doses ending 1 hour before 
the contemplated examination and diphenhydramine, 50 
mg intramuscularly, 1 hour before the study. In an ex- 
panded series, Greenberger reports that a pretreatment reg- 
imen consisting of prednisone, diphenhydramine, and 
ephedrine reduced the overall rate of reaction on rechallenge 
to 5%. Ephedrine should be withheld in patients with hy- 
pertension or unstable angina. 

Severe reactions have been reported despite pretreatment 
regiments. In Lalli’s (1980) series of contrast media—associ- 
ated deaths, 3 of the 140 patients who died during urogra- 
phy had received pretreatment with corticosteroids. 

In patients with a documented prior reaction to ionic 
contrast medium, Siegle and colleagues (1991) have shown 
that only 5.5% of patients given nonionic contrast medium 
(iohexol) suffered a repeat reaction. The majority of such re- 
actions were mild, and only one patient in the series suffered 
a repeat reaction more serious than the prior reaction. This 
incidence is in contrast to the expected 20% incidence of re- 
peat reactions without premedication. In a small subset of 
the series, patients who were given steroid preparation and 
nonionic contrast media were not shown to have a signifi- 
cantly lower repeat reaction rate than those given iohexol 
alone. The authors of this study warned that this data 
should be interpreted with caution, because this portion of 
the study was not randomized. 

In a randomized controlled study, Lasser (1994) demon- 
strated that pretreatment with 32 mg of prednisolone signif- 
icantly decreased the incidence of mild reactions in patients 
receiving intravenous nonionic contrast examinations. 
Although there also was a decrease in the number of moder- 
ate and severe reactions, this difference did not reach statisti- 
cal significance. 

Cohan (1995), in a survey of the members of the Society 
of Uroradiology, found that premedication is used liber- 
ally for patients with a history of any type of “allergic” reac- 
tion to contrast material prior to readministration. The 
majority use a combination of steroid and antihistamines, 
but a significant minority use only steroids to provide this 
prophylaxis. 


Chemotoxic Effects 


Chemotoxic effects are those effects of the contrast medium 
thought to be due to direct organ toxicity of the contrast 


medium. The LDso is a number commonly used in toxicol- 
ogy to describe the dose of a compound that will kill 50% of 
the affected test animals. 

In humans, the primary manifestation of contrast over- 
dosage is neurotoxicity, including the induction of seizures. 
The exact dose in humans at which this occurs is not known, 
but systemic doses of contrast medium exceeding 5 to 6 
mL/kg should be exceeded only in special circumstances. 
The neurotoxicity of nonionic contrast media has been 
shown to be less than that of ionic media in in vitro experi- 
ments. In addition, the second-generation nonionic contrast 
media (iohexol and iopamidol) show less neurotoxicity than 
metrizamide, perhaps because there is less interference with 
glucose metabolism in the brain with these agents. 


Hyperosmolar Effects 


Conventional ionic media (HOCM) cause vasodilatation, 
vascular spasm, hemodilution, changes in red cell morphol- 
ogy, and changes in vascular permeability, all of which are 
related to their high osmolality. Changes in the permeabil- 
ity of the blood-brain barrier also are likely related to osmo- 
lality and may be responsible for some of the neurotoxicity 
of HOCM. As would be expected, LOCM markedly reduce 
these effects in human and animal studies. 


Cardiovascular Effects 


Several studies have demonstrated that significant electro- 
cardiographic abnormalities may occur during the intra- 
venous administration of contrast media. These changes, 
which consist of tachycardia, minor or major cardiac ar- 
rhythmias, and ischemic changes, are transient and may oc- 
cur in a small number (5%) of patients with normal baseline 
electrocardiograms and in up to 25% of patients with pre- 
existing cardiac abnormalities. These changes are usually 
asymptomatic and are only discovered if electrocardio- 
graphic monitoring is employed. These abnormalities have 
been attributed to a direct toxic effect of the contrast 
medium on the heart, but whether these changes play a role 
in the development of hypotensive contrast reactions is not 
known. Recent studies using LOCM have demonstrated a 
marked reduction in the frequency of such changes, and for 
this reason, the use of LOCM in patients with significant 
underlying cardiac disease has been advocated. 

Ionic contrast media reduce free ionic calcium levels and 
subsequently increase serum parathormone levels. The de- 
crease in serum calcium levels is presumed to be caused by 
divalent cation chelators that the manufacturers add to the 
contrast media. The magnitude of the decrease in serum cal- 
cium is so small as to be clinically insignificant, except in a 
small number of patients with preexisting cardiac disease in 
whom the contrast medium is administered for coronary an- 
giography. In these patients, this mechanism has been im- 
plicated in the development of cardiac arrhythmias. 
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HOC® are known to exert negative inotropic and 
chronotropic actions on the heart; both of these effects are 
diminished with LOCM. 


Hematologic Effects 


HOCM inhibit platelet aggregation and cause a prolonga- 
tion of the thrombin time by inhibition of fibrin monomer 
polymerization. These anticoagulant properties have a ben- 
eficial effect in angiography by helping to prevent thrombus 
formation in catheters and syringes. In patients with sickle 
cell anemia, contrast medium is known to provoke sickling 
and occasional development of sickle cell crisis. LOCM 
cause less inhibition of platelet aggregation than HOCM. 
Caution must be exercised when using LOCM in angio- 
graphic procedures, because clots may form in 
contrast—containing syringes and then may be inadvertently 
injected into patients. 


Thrombophlebitis 


A chemical phlebitis may develop after injection of contrast 
medium, particularly when it is used for lower extremity 
venography. This complication has been reported in up to 
30% of patients when 60% contrast is used and is most 
likely the result of prolonged contact of the contrast 
medium with the venous endothelium as the result of slow 
flow. The clinical syndrome can be markedly reduced by us- 
ing diluted contrast medium and other measures including 
use of a heparinized saline flush following the procedure. It 
may rarely be seen in patients in whom the contrast medium 
has been injected in the upper extremity for other imaging 
studies. The incidence of thrombophlebitis is markedly re- 
duced with LOCM. 


Extravasation of Contrast Medium 


Subcutaneous or intradermal extravasation of some con- 
trast medium is not uncommon, particularly since the 
advent of mechanical injectors used in CT to produce 
consistent organ enhancement. Such extravasation may 
result in local pain, erythema, and swelling, but these 
symptoms usually resolve with local therapy and without 
sequelae, even when amounts as large as 150 mL are 
extravasated. 

Rarely, significant tissue necrosis and dermal slough- 
ing can occur unpredictably with even very small amounts 
of extravasation. In some cases, the extravasation may 
be so small as to be inapparent until the complication 
develops. When severe sloughing and local necrosis devel- 
ops, the extremity may turn cold with severe ecchymo- 
sis and edema. The pulses in the extremity may vanish. 
These features are typical of a compartment syndrome 
and may require extensive releasing incisions and subse- 


quent skin grafting. Most of the reported cases in which 
this extensive reaction develops are in children or in the el- 
derly. Such reactions also occur more commonly when the 
injection was made in either the hand or the foot. This 
phenomenon may occur with LOCM or HOCM. 
Experimental studies, however, suggest that LOCM, ex- 
cept ioxaglate, produce less histologic evidence of tissue 
damage than do HOCM. 

With the introduction of mechanical injectors for bolus 
administration of contrast material during CT examina- 
tions, the frequency with which significant amounts of con- 
trast extravasation occurs has increased dramatically, partic- 
ularly when faster injection rates are used. Additionally, 
because the injection is not often directly monitored, virtu- 
ally the whole volume to be injected is extravasated, rather 
than just a few milliliters, as was common with hand injec- 
tion. Cohan and colleagues (1996) reported a frequency of 
extravasation rate of 0.035% when injection rates of 0.8 to 
2.5 mL per second were used. This incidence increased to 
0.4% when injection rates between 2 to 4 mL per second 
were used. In addition to flow rate, other risk factors for ex- 
travasation that have been identified include: injections into 
small peripherally placed IV’s, the use of pre-existing IV’s 


TABLE 4.6. RECOMMENDED PROTOCAL FOR THE 
TREATMENT OF CONTRAST EXTRAVASATION 


initial Treatment 
Elevation of affected extremity above the heart 
Ice packs (15-60 minute applications three times per day for 
1-3 days) 
Close observation for 2-4 hours (if volume exceeds 5 mL) 
Call referring physician (for any extravasation over 5 mL) 
Local injection of hyaluronidase (15-250 1U)—controversial 


Immediate plastic surgery consultation for the following 
indications: 
Extravasated volume exceeds 30 mL of conventional ionic or 
100 mL of nonionic contrast material 
Skin blistering 
Altered tissue perfusion (decreased capillary refill over or 
distal to injection site) 
Increasing pain after 2—4 hours 
Change in sensation distal to site extravasation 


Daily phone calls by nurse or radiologist until manifestations 
resolve to assess for the following: 

Residual pain 

Blistering 

Redness or other skin color change 

Hardness 

Increased or decreased temperature of skin at extravasation 

site (compared with temperature of skin elsewhere) 
Change in sensation 


Documentation 
Contrast material extravasation form (for departmental 
monitoring and quality assurance) 


Progress note (for medical record) 
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(in contrast to those placed specifically to perform the con- 
trast material injection), patients in whom multiple attempt 
at venous access are required, injections in the dorsum of the 
hand or foot, and the use of metal rather than plastic can- 
nulas. 

The optimal therapy for local contrast material extrava- 
sation has not been determined, The use of both warm and 
cold compresses have been advocated, with the majority of 
authors favoring cold. Elevation of the affected extremity is 
also of value. The injection of saline or water to achieve lo- 
cal dilution and/or the injection of hyaluronidase or 
dimethyl sulfoxide is more controversial, but advocated by 
some. Surgical therapy is nearly always effective but should 
be reserved for those in whom signs of vascular compromise, 
tissue necrosis, or a compartment syndrome develop. 

A protocol for the management of extravasations has 
been recommended by Cohan et al. (1996) (Table 4.6). 


INDICATIONS FOR THE USE OF LOW- 
OSMOLALITY CONTRAST MATERIAL 


Accumulated data indicate that LOCM have a significantly 
lower incidence of adverse drug reactions (ADRs) than do 
HOCM. Overall, the rate of reactions after intravenous use 
is reduced by a factor ranging from fourfold to eightfold, and 
the chemotoxic effect of contrast is significantly lowered. For 
urography, physiologic studies indicate a higher excretion 
rate for LOCM and urographic quality that is at least as good 
as that obtained with HOCM. In addition, there is a marked 
improvement in patient tolerance for LOCM, particularly 
for previously painful angiographic procedures. These data 
indicate that LOCM should completely replace HOCM for 
most imaging studies. In parts of Canada and Europe, this 
has largely been the case. In the United States, two schools of 
thought have been developed. The first group has argued 
that the available data justify a complete switch to LOCM, at 
least for intravenous use. The second group has advocated a 
policy of “selective use” of LOCM, largely because LOCM 
costs significantly more than HOCM, and has suggested that 
a cost-benefit analysis justifies using LOCM only for “high- 
risk” patients. Those who argue for universal use of nonionic 
contrast media point to evidence suggesting that the largest 
identifiable risk factor is the contrast medium itself, and that 
were cost not a factor, LOCM would completely replace 
HOCM. Assignment of “high risk” cannot be made without 
a certain degree of subjectivity; indeed in one study that was 
designed to enforce a policy of selective use, it was found that 
during the study period, the use of LOCM increased from 
26.5% to 55.3% despite unchanging criteria. In addition, 
studies designed to identify which factors would place a pa- 
tient into a high-risk category have identified previous reac- 
tion to contrast material as the only factor that can be con- 
sistently identified from study to study. Although when 


TABLE 4.7. INDICATIONS FOR 
THE USE OF LOW OSMOLOR 
CONTRAST MEDIA* 


Previous reaction to contrast material 
History of asthma or allergy 

History of cardiac disease or dysfunction 
Generalized debilitation 

Blood dyscrasia 

Risk of aspiration 

Age <1 yr 

Other? 


a Modified from the Manual on iodinated 
contrast media © 1991 American College of 
Radiology. 

b Situations in which the supervising 
radiologist believes that the patient would 
benefit from low osmolar contrast media 
(LOCM). Such cases might include patients 
with poor communication skills, severe 
anxiety, or a patient preference for LOCM. 


LOCM were first introduced the price differential was 10 to 
25 times that of HOCM, over the years the price differential 
has narrowed so that presently, LOCM costs only 3 to 5 
times more than HOCM. 

The arguments for selective use also are persuasive. 
Despite recent declines in price, LOCM are still more ex- 
pensive than HOCM, and given the number of contrast-as- 
sisted procedures performed annually in the United States, 
considerable cost savings from a selective use policy are still 
evident. Barrett and coworkers (1992a) randomized nearly 
2,000 patients perceived to be at high risk for the adminis- 
tration of HOCM into two groups; one received LOCM 
and the other received HOCM. While there was indeed a 
reduction in the number of ADRs from 3.9% to 0.9% in the 
LOC group, if one looked at the outcome of the reaction 
rather than the incidence, the number of therapeutic inter- 
ventions requiring the attention of a physician only in- 
creased from 0.5% with LOCM to 1.4% with HOCM. 
Furthermore, almost all of the difference was due to a re- 
duction in the number of urticarial reactions. There were no 
life-threatening reactions or deaths in either group. 

Other investigators have found that it is possible to en- 
force a policy of selective use. Using criteria developed lo- 
cally or modified from recommendations of the American 
College of Radiology’s Manual on Iodinated Contrast 
Media or from the Society of Cardiovascular and 
Interventional Radiology, it has been found in separate 
studies that use of LOCM could be limited to between 21% 
to 38% of the total number of intravenous contrast exami- 
nations, with considerable cost savings. Suggested criteria 
are listed in Table 4.7. 

Despite these statistics, manufacturers’ data indicate that 
the percent share of LOCM of the total iodinated contrast 
media market has grown from less than 5% in 1986 to more 
than 75% in 1994. 
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CONTRAST-INDUCED ACUTE RENAL 
DYSFUNCTION 


Reports linking contrast media with the development of 
acute renal failure began to appear with increasing fre- 
quency in the early 1970s. In one of the initial studies, 
Krumlovsky and colleagues (1978) reported eight patients 
in whom acute renal dysfunction (ARD) developed follow- 
ing exposure to radiographic contrast media identified dur- 
ing a period in which 7,125 contrast procedures were per- 
formed at their institution, an incidence of 0.112%. In 
other reported series, the incidence of contrast-induced re- 
nal failure has ranged from 0% to 100%, when only selected 
patients who were retrospectively identified as being at high 
tisk for the development of this complication are consid- 
ered. 

At least part of this discrepancy in incidence is related to 
varying definitions of what constitutes ARD. There is no 
doubt that contrast medium has been held responsible for 
ARD in some cases that are multifactorial in etiology. Most 
authors define ARD as an increase in blood urea nitrogen 
(BUN) of 50% or 20 mg/dl and/or an increase in serum cre- 
atinine of 50% or 1 mg/dl within 48 hours of the procedure. 
Others have required an absolute rise in creatinine of 1 
mg/dl or have required the rise to occur within 24 hours of 
the administration of the contrast. In some series, when 
GFR has been measured, ARD has been defined as a 25% 
change in GFR. 

ARD associated with contrast material is usually nono- 
liguric and in the typical case, the serum creatinine peaks in 
3 to 5 days and returns to baseline values within 7 to 10 
days. In the rare case, the renal failure is oliguric and in these 
cases the damage is more likely to be permanent. 
Nonetheless, the overall clinical impact of ARD should not 
be minimized. Levy compared the mortality of a group of 
patients in whom ARD developed with a matched group 
who had received contrast but did not develop ARD. The 
mortality rate of the group with ARD was 34% compared 
to 7% for the group in whom ARD did not develop. 


Risk Factors 
Preexisting Renal Insufficiency 


Preexisting renal insufficiency has been identified as a major 
risk factor. In most studies, the higher the baseline level of 
serum creatinine, both the risk for developing ARD and the 
magnitude of the renal compromise that was present were 
increased. Preexisting renal insufficiency, when secondary 
to obstructive uropathy, has not been associated with an in- 
creased risk of contrast—induced ARD. 

Because of the evidence that links the development of 
ARD with preexisitng renal insufficiency, many radiologists 
believe that routine determination of a patient’s renal func- 
tion is necessary before contrast material is administered. In 


the outpatient setting, in particular, this policy can lead to 
patient delays, and increased costs and patient discomfort. 
Choyke (1998) has shown that a routine patient question- 
naire to determine if the patient has a history of prior kid- 
ney disease or surgery, diabetes, proteinuria, gout, or hyper- 
tension would have successfully screened 99% of patients in 
whom the creatinine was sufficiently elevated that the con- 
trast material would not have been routinely administered. 
The authors concluded that patients without such histories 
did not justify routine creatinine determination. 


Diabetes Mellitus 


Harkonen and coworkers found that 76% of 29 diabetic pa- 
tients with baseline creatinine levels greater than 2 mg/dl 
had deterioration of renal function after exposure to con- 
trast medium; in nine of these patients, the deterioration 
was irreversible. He found the risk of nephrotoxicity to be 
greatest in patients with long-standing diabetes (particularly 
of juvenile onset) and in those requiring insulin. VanZee 
and colleagues found the presence of diabetes to be a major 
risk factor regarding contrast-induced ARD. There was de- 
terioration of renal function in 50% of diabetics with base- 
line creatinine values of 1.5 to 4.5 mg/dl and in 100% of the 
small number studied with baseline creatinine values greater 
than 4.5 mg/dl. In neither series were diabetic patients with- 
out renal insufficiency at greater risk than the general popu- 
lation for development for ARD. 


Metformin 


Great attention has been drawn to the extremely uncom- 
mon development of lactic acidosis in diabetic patients tak- 
ing the oral antihyperglycemic agent, metformin 
(Glucophage) following iodinated contrast material admin- 
istration. Since metformin is excreted by the kidneys, the 
continued use of this agent in the face of renal failure may 
be associated with metformin toxicity, the major manifesta- 
tion of which is lactic acidosis. The association of lactic aci- 
dosis and contrast administration is extremely rare; of the 
total of 110 patients who developed lactic acidosis while on 
metformin reported by Sirtoir and Pasik, only 7 were related 
to contrast material. In Rasuli’s review of the literature on 
this topic, every patient who developed lactic acidosis after 
contrast administration for whom information was avail- 
able, continued to receive metformin while anuric. Initially, 
the package insert for Glucophage recommended that the 
drug be withheld for 48 hours before and after administra- 
tion of contrast material. More recently, the FDA approved 
a change in the package insert to indicate that metformin 
could be continued up until the administration of contrast 
material but should be withheld after the contrast study un- 
til ic has been determined that the patient has normal renal 
function. At this time, the metformin may be resumed. 
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Dehydration 


Some authors speculate that dehydration from the contrast 
study itself or from the preparation for the study may play a 
role in the development of contrast-induced ARD. 
Harkonen and coworkers found that the state of hydration 
did not appear to play a role, however. Eisenberg and col- 
leagues believed that vigorous hydration with normal saline 
could prevent the development of ARD. In his series of 537 
patients in whom hydration was maintained before and dur- 
ing angiography, no patients with ARD were identified. 
Other authors, however, have reported conflicting data. 
Martin-Paredero and colleagues and Gomes and colleagues 
(1985) both report that hydration during and after a con- 
trast study did not prevent the development of ARD in their 
patients. Others have reported that volume expansion with 
mannitol or the use of furosemide may be beneficial in pro- 
tecting high-risk patients from the development of ARD. 
Although several of the pharmacologic methods have shown 
promise in animal models, none have been accepted as an ef- 
fective preventative method in clinical practice. 


Dose of Contrast 


Lang and colleagues thought that the dose of contrast ad- 
ministered was a major factor in the development of ARD. 
In his series, the incidence of ARD increased with increas- 
ing dose of contrast material. In other series, however, ARD 
has been described in patients receiving contrast containing 
as little as 30 g of iodine. Cruz and coworkers did not find 
an increased incidence of ARD in the subgroup of their 
study who received a dose of contrast medium containing 
greater than 48 g of iodine. Hayman and colleagues found 
no difference in the incidence of ARD after contrast-en- 
hanced cranial CT when a dose of 43 g of iodine was com- 
pared to a dose of 80 g. Miller and associates reported no 
consistent effect on renal function with increasing doses of 
ionic or nonionic contrast media. 


Type of Contrast 


Multiple studies have addressed the relative nephrotoxicity 
of LOCM compared to HOCM. Some authorities had 
speculated that because of lower osmolality, decreased 
chemotoxicity would be observed. Indeed, LOCM have 
been shown to cause less of an effect on renal blood flow, re- 
duced proteinuria, less damage to proximal tubular epithe- 
lial cells i” vitro, and a smaller increase compared to HOCM 
in urinary excretion of proximal tubular enzymes like alka- 
line phosphatase and N-acetyl-b-glucosaminidase (NAG), 
considered to be sensitive indicators of proximal tubular 
damage. Several clinical studies have shown that the LOCM 
is associated with lower nephrotoxicity under certain condi- 
tions. Harris and coworkers prospectively studied 101 adult 
patients with preexisting renal insufficiency undergoing CT 


and found that serum creatinine increased by at least 25% 
in 2% of patients receiving LOCM compared to a similar 
increase in 14% of patients receiving HOCM. No patient in 
either group, however, experienced clinically significant 
ARD. Katholi and colleagues studied 70 patients with nor- 
mal or mildly depressed renal function undergoing coronary 
angiography in a prospective, randomized, double-blind 
fashion and found a decrease in creatinine clearance of 19% 
in patients receiving LOCM compared with a decrease of 
40% in those receiving HOCM. Barrett and colleagues 
(1992) prospectively studied 117 patients undergoing car- 
diac catheterization in a nonrandomized fashion and found 
that the increase in serum creatinine after the study was as- 
sociated with the severity of the preexisting renal disease and 
the presence of diabetes, but not the type (LOCM versus 
HOCM) of contrast medium. Subsequently, Barrett and 
colleagues (1993) reported on the relative nephrotoxicity of 
high- and low-osmolar contrast media by pooling data from 
31 different trials reported in the literature using metaanal- 
ysis, a technique that determines whether data from differ- 
ent studies can be meaningfully added together to increase 
its statistical power. They concluded that a statistically 
meaningful benefit of LOCM on renal function could only 
be shown in patients with preexisting renal impairment 
(serum creatinine greater than 120mmol/L) who received 
intraarterial contrast material. A beneficial effect for LOCM 
could not be demonstrated for patients with normal renal 
function (with or without diabetes) or for those receiving in- 
travenous contrast administration. 


Other Factors 


A multitude of other factors have been implicated in the de- 
velopment of other contrast-induced ARD. These include 
advanced age, hypertension, the presence of peripheral vas- 
cular disease, digitalis requiring congestive heart failure, 
proteinuria, and liver dysfunction. Multiple contrast studies 
within a short interval (72 hours or less) also have been im- 
plicated. 

Patients with multiple myeloma have long been thought 
to be at increased risk for ARD because of precipitation of 
myeloma proteins in the renal tubules. This mechanism for 
renal dysfunction associated with myeloma after contrast 
administration has recently been questioned. Some investi- 
gators now believe that dehydration, hypercalcemia, infec- 
tion, and Bence-Jones proteinuria are the most important 
risks for the development of ARD in patients with 
myeloma. Most authorities now feel contrast studies in pa- 
tients with myeloma can be performed with safety, provided 
dehydration is avoided. 

The mechanism for contrast-induced ARD remains ob- 
scure, and our understanding of the pathogenesis of this dis- 
order is hampered by the lack of a reproducible animal 
model. Speculation has centered around structural changes 
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in the proximal tubule epithelium, contrast-induced vaso- 
constriction of renal blood vessels, and increased tubular 
pressure caused by the osmotic diuresis associated with con- 
trast media. In support of this theory is the observation that 
calcium antagonists may mitigate some of the deleterious ef- 
fect of contrast medium on the kidney. Such agents are 
known potent renal vasodilators. Other investigators have 
demonstrated that contrast medium can cause lysis of prox- 
imal tubule cells én vitro in the presence of ischemia and that 
this damage is reduced when nonionic contrast medium is 
used. Recent work has centered around the role of endothe- 
lin-1, a potent vasoconstrictor produced by vascular en- 
dothelium. Other work has centered on the role of nitric ox- 
ide, an endogenous vasodilator. Some studies have 
suggested that contrast media decreases the sensitivity of 
vascular endothelium to the effect of nitrous oxide. 

Still other investigators have focused on intratubular ob- 
struction, perhaps caused by contrast-induced precipitation 
of Tamm-Horsfall proteins, or by other causes. In support 
of this theory, Older and coworkers report that a persistent 
nephrogram will be seen 24 hours after the contrast medium 
has been administered in approximately 50% of the patients 
subsequently shown to develop contrast-induced ARD. A 
similar phenomenon has recently been reported on CT. 
Several studies have shown that contrast medium acts as a 
powerful uricosuric agent, and this mechanism has been im- 
plicated in the development of acute urate nephropathy in 
patients with hyperuricemia. This syndrome also may be en- 
countered in patients with myeloproliferative disorders or 
leukemia after chemotherapy. The role of the uricosuric ef- 
fect of contrast in other cases of ARD is probably small. 


Prevention of Contrast-Induced ARD 


Because treatment options are limited once oliguric renal 
failure has developed, much effort has been aimed at pre- 
vention of ARD. In addition to active hydration using 
saline, mannitol or furosemide, several studies have sug- 
gested various pharmacologic agents may be of benefit in 
preventing ARD. Vasodilators, including calcium channel 
blockers and low-dose dopamine, and the use of adenosine 
antagonists such as theophylline and dipyridamole have all 
been recommended. None of these pharmacologic interven- 
tions, however, has been universally accepted as an effective 
preventative measure. 


MAGNETIC RESONANCE CONTRAST 
MATERIALS 


MR contrast agents are paramagnetic compounds that have 
chemically unpaired electrons and as such are associated with 
a magnetic moment much more powerful than a nuclear 
magnetic moment. Gadolinium based compounds, which 
are approved for use in the United States are water-soluble 


and therefore have a biologic distribution similar to iodi- 
nated contrast agents. They are also excreted by the kidneys. 

Gadolinium-based paramagnetic compounds have 
proven to be remarkably free of adverse effects. The most 
widespread clinical experience is with the ionic agent, 
gadopentate dimeglumine (Gd-DTPA). Reactions to this 
agent occur with a much lower frequency than do those to 
iodinated media. However, in contrast to the experience 
with iodinated media, more than half of the reactions with 
Gd-DPTA occur an hour or more after injection. The vast 
majority, however, are mild. They include nausea and vom- 
iting (25% to 40%), pain at the injection site (13% to 
25%), headache (18%), parathesias (8% to 9%) and dizzi- 
ness (7% to 8%). Urticarial reactions have also been re- 
ported but are rare, as are life-threatening anaphylactoid re- 
actions. Risk factors for such reactions are similar to those 
for iodinated contrast agents, i.e., patients with asthma and 
other types of atopy. Patients who report an allergy to iodi- 
nated contrast agents are more than twice as likely to have 
an adverse reaction to an MR agent than is the general pop- 
ulation. 

Unlike the nonionic iodinated contrast media, there does 
not appear to be a significant difference in the rate or type 
of reactions encountered with the nonionic paramagnetic 
agent gadoteridol. 


TREATMENT OF ADVERSE REACTIONS TO 
CONTRAST MEDIA 


Every physician using contrast media must be prepared to 
deal with a contrast-induced emergency. These preparations 
should be thorough, but not so extensive as to cause undue 
alarm on the part of the patient. An organized plan to deal 
with the emergency, so that the physicians and technical 
staff work together in a coordinated fashion, is desirable. All 
personnel in the department must be familiar with the loca- 
tion of emergency drugs and equipment. 

A common sense approach to dealing with the emer- 
gency should be used, because overtreatment may be as dis- 
astrous as undertreatment. Familiarity with the basic princi- 
ples of cardiopulmonary resuscitation (including 
A—airway, B—breathing, C—circulation) is mandatory. 
The physician responsible for the contrast study must be 
immediately available for at least 10 minutes after the injec- 
tion and should be generally available for the next 30 min- 
utes. Equipment for resuscitation, including blood pressure 
monitoring equipment, drugs, and oxygen, must be imme- 
diately available. Access to other equipment such as ventila- 
tors, cardiac monitors or electrocardiograph machines, and 
defibrillators is desirable. It is prudent to inject the contrast 
medium through a secure intravenous line that is then left 
in place for the first several minutes after the injection so 
that immediate venous access is available should the need 


arise. 
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The radiologist should be prepared to deal with mild and 
moderate reactions, as well as the initial therapy of severe re- 
actions. However, life-threatening reactions occur so infre- 
quently in the career of an average radiologist that it is pru- 
dent to have available the assistance of physicians who deal 
with resuscitative emergencies on a more frequent basis. 
Therefore, only general principles for the initiation of ther- 
apy will be offered here. 

At the first sign of a significant reaction, the patient’s 
pulse and blood pressure should be assessed. It is also pru- 
dent to perform chest auscultation to assess the adequacy of 
ventilation. 

Appropriate therapy for acute reactions to contrast media 
is summarized in Table 4.8. 


Minor Reactions 


Minor reactions, by definition, are not serious and for the 
most part do not require therapy. 

Nausea and vomiting are the most common adverse re- 
actions encountered with HOCM. The cause for such reac- 
tions is poorly understood; because it is commonly seen af- 
ter intravenous administration of ioxaglate, a low-osmolar 


ionic contrast medium, some have speculated that it is re- 
lated to the ionicity of the contrast medium itself. Others 
have speculated they are vasomotor effects, but they may oc- 
cur after only a few milliliters of the contrast medium has 
been injected. Nausea and vomiting are generally self-lim- 
ited; they are normally treated by slowing or temporarily 
stopping the contrast infusion. In most cases, the nausea will 
pass and the contrast administration may be safely resumed; 
the patient should be continually monitored, because nau- 
sea and vomiting can be the precursors of a major anaphy- 
lactoid reaction. 

Occasionally, limited urticarial reactions may benefit 
from the administration of antihistamines, primarily for 
their antipruritic effect. Caution should be exercised when 
using antihistamines, particularly in outpatients, because of 
their tendency to cause drowsiness. Some authors have 
found that the H3 antagonist, cimetidine, is of value in the 
treatment of contrast-induced urticarial reactions and have 
recommended their use in addition to or in place of the H, 
antagonist, diphenhydramine. 

More extensive dermal reactions usually respond to anti- 
histamines (e.g., diphenhydramine 50 mg IV given over 1 or 
2 minutes or cimetidine 300 mg IV, diluted in 10 mL of 5% 


TABLE 4.8. TREATMENT OF ACUTE CONTRAST MEDIA REACTIONS 


Type of Reaction 


Drug 


Dose/Route 


Comments 


Nausea and vomiting 
Urticaria—mild 
Urticaria—generalized 


Bronchospasm/wheezing 
mild 
moderate or severe 


Facial edema 
Laryngospasm/edema 


Bradycardia w/wo 
hypotension 


Hypotensive tachycardia 


Seizures 


Ventricular arrhythmias 


None 

None 
Diphenhydramine or 
Cimetidine or 
Ranitidine 


Epinephrine 1: 1000 
Metaproterenol or 
terbutaline or 
Albuterol or 
Aminophyiline 


Epinephrine 1: 1000 


Atropine 
IV fluids (NS or DSW) 


IV fluids (LR > NS > D5W) 
Epinephrine 1: 1000 
1:10,000 


Dopamine 
Hydrocortisone 


Diazepam 


Lidocaine 1% 


25-50 mg slow IV or IM 
300 mg diluted in 10 mL 
50 mg diluted in 10 mL 


0.1-0.3 cc subcutaneous 
deep inhalations x 2 


6 mg/kg in D5W loading dose IV 
infused over 10-20 minutes 
0.4-1.0 mg/kg/hr maintenance 


0.1-0.3 cc subcutaneous 


0.6-1.0 mg IV slowly 
Rapid infusion 

Rapid infusion 

0.1-0.3 cc subcutaneous 
1.0-3.0 mL IV 


2.0-20.0 g/kg/min IV 
0.5-1.0 g IV 


2.0-10.0 mg IV 


1.0-1.5 mg/kg (5.0-1.0 mL 
loading dose IV) 
1.0-4.0 mg/min maintenance 


Supportive measures; usually transient 
Self-limiting; supportive therapy only 
Observe for drowsiness 

Administer slowly 

Administer slowly 


B-agonist inhaler 


Onset slow and somewhat unpredictable; 
may potentiate hypotension 


May be repeated x3 
If severe may require intubation 


Caution in patients on B-blockers e.g., 
propranolol 


Place patient in Trendelenburg; O2 use in 
young patients; use IV if in circulatory 
collapse; caution in elderly or those on 
nonselective -blockers 

Use in patients unresponsive to above 

Questionable value acutely; may prevent 
delayed symptoms 


Must have cardiac monitor, defibrillator; if 
not quickly reversed prepare to call code 
blue 
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dextrose solution administered slowly). Epinephrine 
(1:1000), 0.1 to 0.3 mL administered subcutaneously, may 
be necessary if the urticaria is so extensive that generalized 
edema is present. 


Respiratory Reactions 


Bronchospasm and mild laryngospasm should be treated 
with epinephrine (1:1000) 0.3 to 0.5 mL administered sub- 
cutaneously, For mild reactions, a lower dose of 0.1 to 0.3 
mL may be used. The dose of epinephrine may be repeated 
in 15 minutes if no response is obtained. Alternatively, a 
beta-agonist inhaler (e.g., metaproteranol, albuterol, or 
terbutaline) may be used. In severe cases, it may be neces- 
sary to add aminophylline, 5 to 6 mg/kg intravenously in- 
fused over 20 to 30 minutes as a loading dose, followed by 
a maintenance dose of 0.4 to 1.0 mg/kg per hour. 
Aminophylline, however, may accentuate hypotension and 
should only be used if the bronchospasm fails to respond to 
epinephrine, or in patients in whom epinephrine is con- 
traindicated. Corticosteroids probably have no immediate 
impact on respiratory distress, but can be administered as a 
supplemental agent to prevent a secondary recurrence of 
the clinical symptoms. 


Vasovagal Reactions 


It is crucial to distinguish hypotensive bradycardia from hy- 
potensive tachycardia. Vasovagal reactions are characterized 
by sinus bradycardia and may be present with or without 
hypotension. If the reaction is vagal in origin, atropine 0.6 
to 1.0 mg should be administered intravenously. An addi- 
tional dose of 0.5 mg may be administered every 5 minutes 
until a heart rate of 60 beats per minute is achieved or a max- 
imum dose of 3 mg has been given. If accompanied by 
hypotension, the patient should be placed in the Tren- 
delenburg position, and large volumes of intravenous fluids 
such as lactated Ringer’s solution or normal saline solution 
also should be administered. 


Hypotensive Tachycardia 


The vast majority of patients experiencing hypotensive ana- 
phylactoid contrast reactions will have hypotensive tachy- 
cardia. Supportive measures such as placing the patient in 
the Trendelenburg position or elevating the legs as well as 
the administration of oxygen should begin immediately. In 
addition, electrocardiographic monitoring should be 
started. 

Patients experiencing hypotensive tachycardia are mani- 
festing circulatory hypovolemia resulting from a variety of 
factors including decreased venous return, decreased car- 
diac filling, peripheral vasodilatation, and most impor- 
tantly, sequestration of fluid in nonvital compartments. In 


this circumstance, an effective circulatory hypovolemia en- 
sues. Administration of large volumes of intravenous fluid 
has been shown to be a highly effective therapy. Isotonic 
saline or lactated Ringer’s solution (500 to 1000 mL or 
more) should be administered intravenously as quickly as 
possible. The use of a second intravenous line may facilitate 
this therapy. 

In younger patients, epinephrine (1: 1000) 0.3 mL sub- 
cutaneously or 1 to 3 mL of 1: 1000 diluted in 10 mL of 
saline (1: 10,000) intravenously can be used if the hypoten- 
sion is severe and if it fails to respond to fluid therapy alone. 
In older patients, especially those with significant underly- 
ing cardiovascular disease, epinephrine is fraught with haz- 
ard because of the tendency of this drug to produce cardiac 
arrhythmias. If an older patient fails to respond to fluid ther- 
apy alone, dopamine 10 to 20 mg/kg/min may be added. 
The rate of infusion should be titrated to the blood pressure 
response. Dopamine also should be used in younger patients 
who fail to respond to epinephrine. 

The use of older pressor agents, such as levarterenol 
(Levophed, Sanofi Winthrop Pharmaceuticals, Des Plains, 
IL) and metaraminal (Aramine, Merck & Co., Inc., West 
Point, PA) as first-line agents should probably be avoided. 

Patients taking beta-adrenergic blocking agents (e.g., 
propranolol) may present a special problem in diagnosis, 
should hypotension develop during the course of a con- 
trast reaction. Beta-blockers produce a sinus bradycardia 
that may not vary in the face of shock, making the distinc- 
tion of a vasovagal reaction from an anaphylactoid reaction 
difficult. In addition, because epinephrine is both an al- 
pha- and a beta-adrenergic agonist, the beta-blocker may 
successfully neutralize the beta-effect of epinephrine, leav- 
ing its alpha effect unopposed. This combination of cir- 
cumstances can result in a precipitous increase in blood 
pressure. In such cases, fluid therapy alone should proba- 
bly be used until more specialized help becomes available. 
This is much less of a problem in patients receiving car- 
dioselective blockers such as atenolol. Calcium channel 
blocking agents such as nifedipine and diltiazem are potent 
peripheral vasodilators and also may complicate the ther- 
apy of a contrast reaction. 


Ventricular Arrhythmias 


In the event that significant ventricular arrhythmias such 
as multifocal premature ventricular contractions, couplets, 
or ventricular tachycardia develop, immediate consulta- 
tion with a qualified specialist should be obtained. A load- 
ing dose of lidocaine of 1 mg/kg may be administered, fol- 
lowed by an infusion at the rate of 1 to 4 mg per minute. 
If sustained ventricular tachycardia with hypotension or 
ventricular fibrillation develops, electrical defibrillation 
will be necessary. Ifa full-scale cardiac arrest develops, car- 
diopulmonary resuscitation should immediately be insti- 
tuted. 
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RENAL CYSTIC DISEASE 


CORTICAL CYSTS 
Simple Cysts 

Unilateral Cystic Disease 
Complicated Cysts 
Classification 


Milk of Calcium Cysts 
MEDULLARY CYSTIC DISEASE 


POLYCYSTIC RENAL DISEASE 
Autosomal-Recessive Polycystic Disease 
Polycystic Disease of Childhood 
Autosomal-Dominant Polycystic Kidney Disease 


MULTICYSTIC DYSPLASTIC KIDNEY 
Treatment 


MULTILOCULAR CYSTIC NEPHROMA 


CYSTS ASSOCIATED WITH SYSTEMIC DISEASE 
Tuberous Sclerosis Complex 
von Hippel-Lindau Disease 


ACQUIRED RENAL CYSTIC DISEASE 


MISCELLANEOUS RENAL CYSTS 
Orofaciodigital Syndrome 
Hydatid Disease 


Communicating Cysts 


EXTRAPARENCHYMAL CYSTS 
Renal Sinus Cysts 
Perinephric Cysts 


RENAL CYST PUNCTURE 


Renal cysts, cystic disease, and cystic masses are the most 
common abnormalities encountered in uroradiology. In 
some cases, the renal cysts are part of a systemic process that 
also involves the kidneys. In most patients, however, one or 
several cystic masses are detected, and the question is 
whether the lesion is benign or malignant. In the vast ma- 
jority of cases, the radiographic findings are sufficiently 
characteristic that surgery is not required. However, an ex- 
amination designed specifically to study the mass may be 
necessary before a confident diagnosis can be reached. 


CORTICAL CYSTS 
Simple Cysts 


The most common renal mass lesion is a simple cortical cyst. 
Cortical cysts are uncommon in children and young adults, 
but are detected by excretory urography (IVP) in as many as 
20% of men with prostatic enlargement. Many more cysts 
can be detected with computed tomography (CT) and ul- 
trasound than with urography. In fact, with more routine 
use of CT and ultrasound, renal cysts are estimated to occur 
in 50% of the population older than 50 years of age. Thus, 
they are considered acquired lesions and probably arise from 
obstructed ducts or tubules. 


Simple cysts are composed of fibrous tissue and are lined 
by flattened cuboidal epithelium. They contain clear serous 
fluid and do not communicate with the collecting system. 

Most patients with a simple cyst are asymptomatic, and 
the cyst is detected as an incidental finding. Hematuria is 
occasionally attributed to a benign cyst, but this occurs so 
infrequently that other lesions must be sought in patients 
who bleed. Rarely, a large cyst may obstruct the collecting 
system or cause hypertension. Local pain may be caused by 
distention of the cyst wall or spontaneous bleeding into the 
cyst. Occasionally, a simple cyst may become infected. 

Although simple cysts have been described in all age 
groups, they are unusual in children. A cyst in a child must 
be examined carefully to differentiate a benign cyst from a 
cystic Wilms’ tumor. 

A cortical cyst can occasionally be detected on an ab- 
dominal radiograph. The water-density cyst is seen as a cor- 
tical bulge projecting into the perinephric fat. Calcification 
is seen in the wall of a simple cyst in only approximately 1% 
of cases. 

During urography, a simple cyst is seen as a lucent mass 
in the renal parenchyma. Radiographs obtained soon after 
intravenous contrast injection (1 or 2 minutes) optimize vi- 
sualization of cortical masses, because this is the peak 
parenchymal opacification (see Chapter 4). A cyst is well de- 
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fined and has a sharp interface with the normal renal cortex 
(Fig. 5.1). The cyst does not enhance, but does distort the 
adjacent parenchyma. If the cyst extends beyond the surface 
of the kidney, the parenchyma is extended to produce a 
“beak” or “claw sign.” The margin of the cyst with the kid- 
ney is smooth and the cyst wall is too thin to be seen during 
urography. If the cyst is entirely intrarenal, its wall cannot 
be distinguished from the adjacent renal parenchyma and its 
thickness cannot be assessed. Exophytic cysts that displace 
perinephric fat instead of renal parenchyma may appear rel- 
atively dense at urography. 


SIMPLE CYST 
(IVP) 


m Rounded, lucent mass 
m Imperceptibly thin wall 
m Sharp interface with parenchyma 


These same findings are present on CT examination. 
Computed tomography has superior contrast resolution, al- 
lowing measurement of the density of the cyst fluid, which 
should approximate that of water (Fig. 5.2). A density 
greater than 15 Hounsfield units (HU) is suspicious for a 
complicated cyst or a solid mass lesion. There should be no 
contrast enhancement of a simple cyst. Pseudoenhancement 


is the phenomenon of an artifactual increase in attenuation 
following the administration of intravascular contrast media 
as a result of beam-hardening. It seldom results in a differ- 
ence in attenuation of more than 10 HU, but is seen more 
commonly in cysts less than 2 cm in diameter. Renal cysts 
often are detected as an incidental finding during a contrast- 
enhanced CT examination of the abdomen, and there is no 
opportunity to test for contrast enhancement. However, if 
the density of the cyst fluid is less than 15 HU and other cri- 
teria of a simple cyst are present, the lesion will almost cer- 
tainly be benign. 

The wall of a benign cortical cyst is too thin to be seen on 
CT. However, when evaluating wall thickness with CT, it is 
important to look at a portion of the cyst that extends well 
away from the parenchyma so that a portion of adjacent re- 
nal tissue (“beak”) is not included in the section. If the cyst 
is completely intrarenal, wall thickness cannot be assessed. 


FIGURE 5.1. Simple cyst. A: The early nephrotomogram demonstrates a rounded, peripheral 
mass (C) which has an imperceptibly thin wall and sharp interface with the normal renal 
parenchyma. B: The cyst is obscured by bowel gas and cannot be seen on the plain radiograph ob- 


tained 5 minutes after contrast injection. 


FIGURE 5.2. Simple cyst. An enhanced computed tomography 
scan reveals a right renal mass (C) with the same cystic character- 
istics seen with urography. The cyst fluid measured 4 Hounsfield 
units. 


Although these same features also are seen using ultra- 
sound, the terminology is different because sound waves are 
used rather than x-rays. A simple cyst is still a rounded ho- 
mogeneous mass with a sharp interface with the normal re- 
nal parenchyma (Fig. 5.3). However, rather than being lu- 
cent, a simple cyst is echo-free with enhanced 
through-transmission. Thin septations that are too fine to 
be detected with CT may be seen with ultrasound. 


SIMPLE CYST 
(ULTRASOUND) 


- m Rounded, homogeneous mass 
m Well defined 

-m Echo free 

mw Enhanced through-transmission _ 


FIGURE 5.3. Simple cyst. A well-defined, echo-free mass (C) is 
seen in the upper pole of the kidney. 
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Cysts may be seen with renal scintigraphy as a pho- 
topenic region because of the displacement of functioning 
parenchyma by the cyst. If the cyst is small or exophytic, 
scintigraphy may be normal. Parapelvic cysts may cause 
photopenic regions in the renal sinus that mimic hy- 
dronephrosis. The correct diagnosis is reached if the isotope 
can be identified in the ureter, even though the photopenic 
region persists. 

Simple cortical cysts are readily detected with magnetic 
resonance imaging (MRI) (Fig. 5.4). The appearance of a 
homogeneous rounded mass with a thin wall and sharp in- 
terface with normal renal parenchyma is similar to that on 
CT. The long T1 values result in a low signal intensity on 
T1-weighted images. However, they have a very high signal 
intensity on T2-weighted images, which reflects the long T2 


value of water. 


SIMPLE CYST 
(MAGNETIC RESONANCE) 


Rounded, homogeneous mass 

Imperceptibly thin wall 

Sharp interface with parenchyma 

Low signal intensity on T1-weighted images 
High signal intensity on T2-weighted images 
No enhancement - 


The accuracy of the radiographic diagnosis of a renal cyst 
depends on how well it is seen with each modality. When all 
of the criteria of a benign simple cyst are present, it is highly 
unlikely to be anything else and further evaluation is not 
warranted. However, cysts often are not visualized well 
enough by IVP to make this determination. Because of cost 
considerations, ultrasound is the most efficient method of 
confirming the presence of a simple cyst that is poorly seen 
during urography. Ultrasound has the added advantages of 
not requiring ionizing radiation and avoiding the potential 
adverse reactions associated with intravenous contrast injec- 
tion. 

Computed tomography is the gold standard for the eval- 
uation of renal mass lesions, but it is a more expensive ex- 
amination than ultrasound and requires intravenous con- 
trast medium. It is indicated when the ultrasound 
examination is indeterminate or is technically inadequate 
due to the patient’s obesity or overlying gas. It is also ap- 
propriate to proceed directly to CT if the urogram indicates 
that the mass is complex or likely to be solid. Although sel- 
dom needed for the evaluation of renal cystic masses, MRI 
is used in patients with a contraindication to the use of in- 
travenous contrast medium. 

Renal cysts occasionally regress in size or disappear 
completely. Although this phenomenon may be caused by 
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FIGURE 5.4. Simple cyst. A: T1-weighted (TR 5 500 ms; TE 5 15 ms) images demonstrate a low sig- 


nal intensity (C) which is much higher on (B), T2 


resorption of a hematoma misdiagnosed as a cyst, most 
cases are probably a result of spontaneous cyst rupture. An 
increase in pressure within the cyst relative to the collect- 
ing system or the perinephric space may result in rupture. 
Such a pressure increase could be caused by hemorrhage 
into the cyst or by a change in the composition of the cys- 
tic fluid. 

The most common clinical manifestations of cyst rup- 
ture are hematuria and flank pain. The diagnosis can be 
made by IVP or retrograde pyelography if the cyst commu- 
nicates with the collecting system. The cyst cavity was opaci- 
fied by urography in 88% of cases reported by Papanicolaou 
and colleagues. In most cases, the communication of the 
cyst with the collecting system closes spontaneously. Once 
the diagnosis is made, management is conservative. 


Unilateral Cystic Disease 


Unilateral or localized renal cystic disease is characterized by 
replacement of all or a portion of one kidney by multiple 
cysts (Fig. 5.5). Although sometimes described as unilateral 
polycystic kidney disease, it is not familial. The disease is not 
progressive, and there is no association with renal failure or 
cysts in other organs. 


Complicated Cysts 


Cystic masses that do not satisfy the criteria of a benign sim- 
ple cyst must be further evaluated to exclude malignancy. 
Various abnormalities now are recognized that exclude the 
diagnosis of a simple cyst. 


Septations 


Thin internal septations can be detected by ultrasound (Fig. 
5.6), but their presence alone does not suggest malignancy. 


-weighted (TR 5 2000 ms, TE 5 40 ms) images. 


Many of these thin septations are not seen during urography 
or CT, and they will likely be classified as typical simple 
cysts, 

Other septations are thick enough to be seen during CT 
examination. If the septa are thin, smooth, and do not have 
localized areas of thickening or irregularity, a diagnosis of 
benign cyst can be made. However, if there is an associated 
solid mass, the lesions must be considered malignant. 


Calcification 


The presence of calcification also is a nonspecific finding 
(Fig. 5.7). When evaluation of the kidney depended pri- 
marily on urography, the presence of calcification, especially 
central calcification, was an ominous sign. However, CT has 
made the presence or absence of calcification almost irrele- 


FIGURE 5.5. Unilateral cystic disease. The left kidney is virtually 
replaced by numerous cysts, while the right kidney is normal. 


FIGURE 5.6. Septated cyst. A thin septation (arrow) is seen on 
the ultrasound examination of a renal cyst. 


vant, because wall thickening and soft tissue masses can eas- 
ily be detected without the help of calcification. Thin calci- 
fication in the wall of a cyst or in a septation does not, in it- 
self, warrant surgical exploration. 


Thick Wall 


A thick wall is incompatible with a simple cyst. It indicates 
that the lesion is another cystic mass or that the cyst has be- 
come complicated by some process such as infection or 
hemorrhage. Inflammatory or infectious cavities may result 
in this appearance, or the lesion may be a cystic renal ade- 
nocarcinoma (see Chapter 6). These lesions must be consid- 


FIGURE 5.7. Calcified cyst. Calcification is seen in the wall of this 
benign cyst. 
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ered indeterminate, and close interval follow-up or surgical 
exploration is indicated (Fig. 5.8). The presence of an asso- 
ciated soft tissue tumor mass is an even more ominous find- 
ing and is highly suspicious for a malignancy. 


Increased Density 


A cystic mass with a density above water must contain more 
than simple cystic fluid. A density greater than 15 HU is 
worrisome, but this reading should be checked against the 
water bath phantom, as there may be considerable drift in 
the CT numbers. If an increased density is present, further 
evaluation with ultrasonography (US) or precontrast— and 
postcontrast-enhanced CT is warranted. 

One category of atypical renal cyst that has an increased 
attenuation coefficient is the hyperdense cyst. These lesions 
look like typical simple cysts on CT examination in that 
they are rounded, well-defined, homogeneous masses that 
do not enhance with intravenous contrast administration. 
They are usually small, peripheral lesions, measuring less 
than 3 cm in diameter (Fig. 5.9). However, instead of hav- 
ing a density near water, they measure 60 to 90 HU. They 
are easily recognized on an unenhanced CT examination, 
but often are masked by the enhanced renal parenchyma, 
because their densities are similar. Thus, these lesions are 
probably more common than is appreciated, inasmuch as 
most abdominal CT scans are performed after intravenous 
contrast administration. 


FIGURE 5.8. Thick-walled cyst. The thick wall in this cystic mass 
indicates a complicated cyst or other cystic mass. Further evalua- 
tion is warranted. 
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FIGURE 5.9. Hemorrhagic cyst. A: A rounded, well-defined, homogeneous mass is seen in the lat- 
eral aspect of the left kidney. It has a density of 58 HU and shows no contrast enhancement (B). 


HEMORRHAGIC CYST 
(CT) 


m Rounded, well-defined mass 

m Greater than water density (30-90HU) 
m Sharp interface with parenchyma 

m No enhancement (< 10HU) 


There are several possible etiologies for a hyperdense re- 
nal cyst. The most common etiologies are hemorrhage and 
a high protein content of the cyst fluid. However, a diffuse 
paste-like calcified material also has been found. The vast 
majority of these hyperdense cysts are benign, but they 
must be examined carefully for other atypical features. 
Computed tomography examination before and after in- 
travenous contrast administration often is helpful. A cyst 
will not enhance, whereas a solid tumor will increase in 
density. 

Ultrasonography is another useful modality in the eval- 
uation of the hyperdense renal mass. It enables the exam- 
iner to distinguish between a cystic and solid lesion. With 
ultrasound, blood elements can sometimes be seen floating 
within the cyst. However, if the lesion cannot be clearly 
evaluated, surgical exploration may still be needed. 

Hemorrhagic cysts also can be identified with MRI. 
Simple cysts have a low signal intensity on T1-weighted 
images, whereas hemorrhagic cysts may have a high signal 
intensity on all pulse sequences. Because the blood ele- 
ments tend to settle out, the more intense signal of the 


paramagnetic methemoglobin can be seen in the depen- 
dent portion of the cyst on T1-weighted images. The rela- 
tive intensity of the two cyst layers may reverse on T2- 
weighted sequences. A renal adenocarcinoma can often be 
distinguished by its inhomogeneity, indistinct or irregular 
margins, and lack of a fluid-hemoglobin level. 


Classification 


To clarify the need for further evaluation or treatment of 
complicated cystic lesions, Bosniak (1997) has classified cys- 
tic renal masses into four categories. 

Class I lesions are cysts that have no atypical features. No 
further evaluation is needed. 

Class IT lesions are those with some atypical features, but 
are most likely benign. This group includes a subset of pa- 
tients with findings such as an increased density or calcifica- 
tion that require follow-up evaluation in six months and re- 
peated at one year intervals to make sure the lesion is not 
growing. These lesions may be classified as Class II F (for 
follow-up). 

Class III lesions cannot be distinguished from malignan- 
cies; they often require surgical exploration. Features of le- 
sions in class III include increased density, complex septa- 
tions, multiloculated cysts, and dense calcification. Many of 
these lesions will be benign, and it may be appropriate to 
perform a biopsy or simple enucleation rather than the more 
formal radical nephrectomy. 

Class IV lesions have features that strongly suggest ma- 
lignancy. Although there may be a large cystic component, 


there is an enhancing solid component or thick, irregular 
walls. These are treated as presumed renal carcinomas. 


BOSNIAK CLASSIFICATION 
(CYSTIC LESIONS) 


I No atypical features 
II Minimal calcification, thin septations, nonen- 
hancing high density 
II Dense calcification, complex septations, mul- 
tiloculated, increased density 
IV Enhancing solid component 
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Milk of Calcium Cyst 


Milk of calcium is a collection of small calcific granules in 
the cystic fluid. The granules, usually calcium carbonate, 
are in suspension and layer out in the dependent portion 
of the cyst (Fig. 5.10). They are seen most frequently in ca- 
lyceal diverticulae (see Chapter 15), but also may be pre- 
sent in simple cysts or polycystic kidneys. Milk of calcium 
cysts have no sex predilection, but are more common in 
the upper poles of the kidneys. 

The milk of calcium nature of these calculi may not be 
appreciated on a supine radiograph, but the fluid-calcium 
layer is easily detected on upright films or CT examina- 
tion. A horizontal line of calcium density also can be de- 
tected using ultrasound, regardless of the patient’s posi- 


FIGURE 5.10. Milk of calcium 
cyst. A: A homogeneous calcific 
density (C) is identified on this 
supine abdominal radiograph. B: 
A “fluid/calcium” level is seen on 
an upright film. C: This level is 
also appreciated on an unen- 
hanced computed tomography 
scan. 
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tion. Most of these cysts are detected as an incidental find- 
ing, and intervention is unnecessary. 


MEDULLARY CYSTIC DISEASE 


The medullary cystic disease complex includes medullary 
cystic disease and juvenile nephronophthisis. Extrarenal 
manifestations such as retinal degeneration, hepatic fibro- 
sis, and skeletal abnormalities are associated with the juve- 
nile form. The kidneys are small to normal in size and 
maintain a normal configuration and smooth contour. A 
variable number of small cysts, up to 2 cm in diameter, are 
located primarily in the medulla. The cortex is thin but 
does not contain cysts. Biopsy shows interstitial and 
periglomerular fibrosis as well as tubular atrophy. 
However, the diagnosis cannot be made if cysts are not in- 
cluded in the biopsy specimen, because the fibrotic 
changes are nonspecific. 

The uremic medullary cystic diseases can be classified 
by the age of onset. The adult form is transmitted by au- 
tosomal-dominant inheritance. Patients usually present as 
young adults with anemia, which may be severe, and have 
progressive renal failure. These patients have a salt-wasting 
nephropathy that is not corrected with mineralocorticoids. 
Other than a fixed low specific gravity, the urine sediment 
is normal. Hypertension may develop near the end of the 
disease course. 

Patients with juvenile nephronophthisis typically pre- 
sent at 3 to 5 years of age with polydipsia and polyuria. 
The clinical course with anemia and progressive renal fail- 
ure is similar to the adult-onset variety, but progression is 
slower, with 8 to 10 years before terminal uremia. Juvenile 
nephronophthisis is transmitted by autosomal-recessive 
inheritance. 

Abdominal radiographs may demonstrate small kidneys 
without calcification. High-dose nephrotomography re- 
veals a thin renal cortex. Linear contrast collections radiat- 
ing from the renal pyramids may be seen. However, excre- 
tory urography is not likely to be helpful and is seldom 
performed because of the renal failure. Computed tomog- 
raphy demonstrates small smooth kidneys and may reveal 
the small medullary cysts. 

High-resolution ultrasound may be the examination of 
choice in these patients. The corticomedullary differentia- 
tion is lost, and the parenchyma appears isoechoic or hy- 
poechoic with the liver or spleen. In patients with severe 
uremia, medullary cysts can usually be demonstrated, but 
they may not be detectable in milder cases. Examination 
with magnetic resonance (MR) may be useful when ultra- 
sound is indeterminate. The problems with motion arti- 
fact as a result of breathing are decreasing with the use of 
fast spin echo breath-hold techniques, and gadolinium 
contrast media do not aggravate the renal failure. 


POLYCYSTIC RENAL DISEASE 
Autosomal-Recessive Polycystic Disease 


Infantile polycystic disease (IPCD) is transmitted by auto- 
somal-recessive inheritance and is referred to frequently as 
autosomal-recessive polycystic kidney disease. IPCD in- 
cludes a spectrum of abnormalities ranging from newborns 
with grossly enlarged spongy kidneys to older children with 
medullary ductal ectasia. The older children also develop 
hepatic fibrosis that progresses to portal hypertension and 
esophageal varices. 

Congenital hepatic fibrosis (CHF) may represent yet an- 
other disease transmitted by autosomal-recessive inheritance 
in which the renal disease is different and milder than 
IPCD. Other entities associated with CHF include adult 
polycystic disease (APCD), multicystic dysplastic kidneys, 
choledochal cyst, and Caroli’s disease. However, medullary 
ductal ectasia is found in all forms of IPCD, with or with- 
out CHF. 

Patients with IPCD have renal failure at birth and most 
die within the first few days of life. Patients with the juve- 
nile form have a milder renal disease characterized by tubu- 
lar ectasia and renal cysts. They often present with symp- 
toms arising from hepatic fibrosis with portal hypertension 
and varices rather than renal failure. 

The radiographic manifestations reflect the age of onset 
and the severity of renal involvement. In the neonatal form, 
there is massive enlargement of the kidneys, which maintain 
their reniform shape. The kidneys are enlarged, but func- 
tion poorly. The nephrogram is faint with blotchy opacifi- 
cation. Linear striations resulting from stasis of contrast 
medium in the dilated renal tubules have been described. 
The numerous small (1- to 2-mm) cysts in both the cortex 
and medulla result in increased echogenicity on sonography. 
However, with high-resolution scanners a peripheral 
sonolucent rim can be seen representing compressed renal 
cortex (Fig. 5.11). A prominent renal pelvis and calyces may 
result in a sonolucent central zone. 


Polycystic Disease of Childhood 


Among older children, fewer than 10% of the renal tubules 
are affected and hepatic fibrosis dominates the clinical 
course. This is sometimes referred to as congenital hepatic 
fibrosis. The clinical presentation is usually a result of por- 
tal hypertension with splenomegaly, gastric, and esophageal 
varices. The kidneys are only mildly enlarged, but contain 
variably sized cysts that are predominantly medullary in lo- 
cation. The appearance of tubular ectasia in these children is 
similar to that seen in medullary sponge kidney in adults 
(see Chapter 15). An increased echogenicity with loss of the 
normal corticomedullary junction is demonstrated on ultra- 
sound. The sonolucent rim of compressed renal 
parenchyma also may be seen in the juvenile form. 


FIGURE 5.11. Autosomal recessive polycystic disease. The kidney 
is enlarged. Numerous small cysts create disorganized echogenic- 
ity and loss of corticomedullary differentiation. 


Autosomal-Dominant Polycystic Kidney 
Disease 


Autosomal-dominant polycystic kidney disease, or APCD, 
is the most common form of cystic kidney disease and is re- 
sponsible for approximately 10% of patients on chronic 
dialysis. It is transmitted by autosomal-dominant inheri- 
tance. However, because of variable expressivity and sponta- 
neous mutations, as many as 50% of patients with APCD 
may have no family history of renal disease. Although the 
etiology is unknown, the cysts seem to arise from nephrons 
that initially were able to function normally. 

The gene for APCD has been found on the tip of the 
short arm of chromosome 16 in approximately 85% of pa- 
tients (type 1) and on the long arm of chromosome 4 in 
15% (type 2) of patients. 

Patients with APCD present most commonly in the 
third or fourth decades. Patients with type 1 APCD tend to 
have a younger age of onset of end stage renal disease than 
patients with type 2 disease. However, APCD may be seen 
in children or in older adults. The initial complaint is usu- 
ally lumbar, inguinal, or upper abdominal pain. The en- 
larged kidneys may be palpable as abdominal masses. 

Hypertension, which occurs in almost two thirds of pa- 
tients with APCD, is caused by increased renin production 
by the kidneys. Hematuria may be caused by rupture of one 
of the renal cysts into the renal pelvis or by the presence of 
a stone. 

Patients with APCD often suffer from flank pain result- 
ing from a variety of etiologies. Acute pain may result from 
swelling of one of the cysts caused by hemorrhage or infec- 
tion. Colicky pain may arise from ureteral obstruction by 
stone, blood clot, or rarely a cyst. Chronic pain is more 
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likely caused by progressive enlargement of the cysts with 
stretching of the renal capsule. 

All patients with APCD have progressive renal failure. 
The rate of progression of the azotemia is related to the age 
of onset; those patients whose symptoms begin after 50 
years of age have a better prognosis. Although the incidence 
is variable, approximately one half of patients with APCD 
have cerebral (berry) aneurysms in the circle of Willis, and 
stroke from rupture of a berry aneurysm is a significant 
cause of morbidity and mortality. Renal stones occur more 
frequently in patients with APCD than in the general pop- 
ulation. Because more than one half of these stones are pre- 
dominantly uric acid, they may be radiolucent and may be 
overlooked on an abdominal radiograph or conventional to- 
mography. Using CT, Levine and Grantham (1992) found 
renal calculi in 36% of patients with APCD. 

Excretory urography is seldom used to evaluate patients 
with known APCD. However, new cases may be diagnosed 
with IVP because the findings are characteristic. The plain 
abdominal radiograph is remarkable for the poor visualiza- 
tion of the renal outlines. Three quarters of the renal outline 
is seen in less than 10% of patients with APCD compared 
with 80% of patients with unilateral renal enlargement re- 
sulting from other causes. Calcification in the cyst walls is 
common, and nephrolithiasis may be detected. If renal 
function is adequate, the urogram will demonstrate enlarged 
kidneys with a mottled renal parenchyma as a result of the 
many cysts. The collecting system is splayed by the 
parenchymal cysts, which may cause infundibular obstruc- 
tion. 

Sonography and CT have replaced nephrotomography as 
the standard method of examination of patients with 
APCD. Innumerable renal cysts are seen with either modal- 
ity. The kidneys are markedly enlarged, but maintain their 
basic reniform shape. (Fig. 5.12). 

Computed tomography has the advantage of clearly 
demonstrating the cysts and collecting systems of both kid- 
neys. Precontrast scans are needed to demonstrate renal 
stones and facilitate the diagnosis of hemorrhagic cysts (Fig. 
5.13). Because the kidneys are typically riddled with innu- 
merable cysts that abut one another, the cysts are not round 
in shape, but assume a variety of irregular contours. 

Computed tomography also is useful in demonstrating 
hepatic cysts, which are present in 54% to 74% of patients 
with APCD. These liver cysts develop from dilatation of 
aberrant bile ducts that embryologically failed to establish 
communication with the biliary tree (Fig. 5.14). The cysts 
gradually accumulate fluid secreted by the lining cuboidal 
epithelial cells. Associated cysts in other organs are much 
less common though they have been reported in the pan- 
creas, spleen, ovary, seminal vesical, epididymis, testis, blad- 
der, uterus, thyroid, esophagus, and brain. 

Multiple renal cysts are identified easily on MRI. 
Uncomplicated cysts resemble simple cortical cysts with a 
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FIGURE 5.12. Autosomal dominant polycystic kidney disease. 
An ultrasound examination reveals innumerable cysts in en- 
larged kidneys. 


homogeneous low signal intensity on T1-weighted images 
and a high signal intensity on T2-weighted images. (Fig. 
5.15). Complicated cysts reflect the presence of infection or 
hemorrhage. Acute bleeding results in a hyperintense image 
regardless of the pulse sequence. However, the appearance 
varies with the age of the bleed. The high protein content of 
an infected cyst results in a signal intensity between a simple 
cyst and one with an acute hemorrhage. 

Bleeding into renal cysts is common and may be the 
source of acute flank pain. If the cyst ruptures into the renal 
pelvis, hematuria will occur. Cyst hemorrhage may be more 
common in patients with APCD because of the associated 
hypertension or the increased bleeding tendency of uremia 


FIGURE 5.13. Autosomal dominant polycystic kidney disease. 
Bilateral renal enlargement due to numerous cysts is demon- 
strated on this enhanced computed tomography examination. 
Several high-density cysts indicate hemorrhage. 


FIGURE 5.14. Autosomal dominant polycystic kidney disease. 
Multiple renal and hepatic cysts are seen on this abdominal com- 
puted tomography image. 


or heparinization during dialysis. Hemorrhagic renal cysts 
may be seen in 70% of patients with APCD. Perinephric 
hemorrhage has been reported, but is rare. 

Both kidneys are affected in patients with APCD, but in- 
volvement may be asymmetric. Rare cases of unilateral 
APCD are reported, but these may represent manifestations 
too small for macroscopic imaging. 

There is no treatment for APCD, and patients often 
must be sustained by dialysis or transplantation. By inform- 
ing patients of the heritability of APCD, genetic counseling 
can help them with family planning. Thus, it is important 
for the diagnosis to be made before the patients reach child- 
bearing age. Excretory urography with nephrotomography 
and sonography are both able to detect changes of APCD 


among children of affected families. Because ultrasound is 


FIGURE 5.15. Autosomal dominant polycystic kidney disease. 
Renal cysts are seen as homogeneous high signal intensity masses 
on this T2 weighted magnetic resonance image. 


less invasive, it is the preferred screening examination. The 
sensitivity of ultrasound in detecting evidence of APCD is 
virtually 100% among patients over 30 years of age. When 
patients under 30 years of age are studied, the sensitivity re- 
mains very high for patients with type 1 disease but is sig- 
nificantly lower for type 2 disease. 


MULTICYSTIC DYSPLASTIC KIDNEY 


A multicystic dysplastic kidney (MCDK) consists of a col- 
lection of irregularly sized cysts and fibrous tissue, but no 
functioning renal parenchyma. The cysts do not communi- 
cate, the renal collecting system is small or absent, and there 
are atretic ipsilateral renal vessels. The anomaly results from 
occlusion of the fetal ureters usually before 8 to 10 weeks of 
gestation. 


MULTICYSTIC DYSPLASTIC KIDNEY 


m Irregular cysts and fibrous tissue 
m Absent renal collecting system 
m Atretic ureter 

m Absent renal artery 


A variant, the hydronephrotic type of multicystic dyspla- 
sia, may result from incomplete ureteral obstruction later in 
gestation. In such cases, the cysts communicate with the re- 
nal pelvis. 

In rare cases, MCDK may be confined to one segment of 
the kidney. Most of these cases occur in the upper-pole moi- 
ety of a duplicated collecting system. 

Most renal dysplasias are detected as an abdominal mass 
in infancy. MCDK is the second most common cause of an 
abdominal mass in the neonate, trailing only hydronephro- 
sis in frequency. Males are more commonly affected than fe- 
males, and there is a predilection for the left kidney. 

Malformations including bilateral MCDK, ureteropelvic 
junction (UPJ) obstruction, hypoplasia of the opposite kid- 
ney, and horseshoe kidney are commonly associated with 
MCDK. These occurred in 41% of fetuses examined ultra- 
sonographically by Kleiner and colleagues. Because some of 
these contralateral anomalies are fatal, less severe changes are 
more common, and UPJ obstruction is the most common 
malformation seen in children or adults. If the MCDK is 
not detected in infancy, it may remain asymptomatic and 
may be detected as an incidental finding in an adult. 

Abdominal radiographs may demonstrate a soft tissue 
flank mass. In adults, calcification is common, usually in the 
cyst walls. There is no functioning renal parenchyma on the 
affected side, but excretory urography demonstrates com- 
pensatory hypertrophy of the contralateral kidney. 

If retrograde pyelography is performed, an atretic ureter 
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may be demonstrated (Fig. 5.16). Atresia may be found at 
various levels, or there may be no ureter at all. Extravasation 
is common because cannulation of the small ureteric open- 
ing may be difficult. 

The multiple cysts with thick septa are demonstrated 
nicely by CT (Fig. 5.17). Mural calcifications can be 
demonstrated in the cyst walls (Fig. 5.18), but there is no ev- 
idence of contrast excretion. 

Sonography is particularly valuable in assessing infants 
and demonstrates multiple cysts of varying sizes (Fig. 5.19). 
There is no connection between adjacent cysts or renal 
parenchyma surrounding the cysts. If angiography is per- 
formed, no ipsilateral renal artery will be seen (Fig. 5.17). 

Segmental multicystic renal dysplasia in an upper-pole 
moiety may be seen in patients with obstruction from an ec- 
topic ureterocele. The dysplastic segment has the same fea- 
tures as the multicystic dysplastic kidney and causes com- 
pression of the normally functioning lower-pole moiety. 

Focal multicystic renal dysplasia also has been reported. 
This presumably results from in utero infundibular obstruc- 
tion. This entity is fortunately rare, since it cannot be dis- 
tinguished radiographically from other renal cystic masses. 

The classic multicystic dysplastic kidney must be distin- 
guished from the “hydronephrotic” type of multicystic dys- 
plasia. This hydronephrotic form probably results from in- 
complete obstruction of the ureter after the tenth week of 
gestation. In this form, a renal pelvis communicates with the 
multiple cysts. Function may be demonstrated by excretion 


FIGURE 5.16. Multicystic dysplastic kidney. Retrograde pyelog- 
raphy demonstrates a small atretic ureter (arrows) that does not 
reach the kidney. Extravasation is present around the distal 
ureter. 
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FIGURE 5.17. Multicystic dysplastic kidney. A: On computed tomography, multiple cysts, but no 


functioning renal tissue, are present on the left. The right kidney is normal. B: An abdominal aor- 
togram demonstrates absence of the left renal artery. 


of contrast medium during urography or CT, or excretion 
of radionuclide during nuclear medicine studies. If the di- 
agnosis is uncertain, percutaneous aspiration with antegrade 
pyelography may be required. Surgery is indicated in pa- 
tients with the hydronephrotic type of disease, because sig- 
nificant renal function often can be preserved. 


Treatment 


Our knowledge of the natural history of MCDK is increas- 
ing with the use of in utero ultrasound. As many as 41% of 
fetuses with MCDK have a contralateral renal anomaly, 


which is much higher than the 11% to 15% incidence seen 
in neonates. Many of these associated anomalies are fatal, 
and in some cases, there is involution of MCDK to what ap- 
pears in the neonate as renal agenesis. 

This involution also may occur after birth. In a review of 
30 patients with MCDK by Vinocur and coworkers, 13.5% 
of the cystic masses decreased in size or disappeared. This 
decrease is presumably a result of leakage or reabsorption of 
cyst fluid. The majority of MCDKs (73%) did not change 
in size and 13.5% increased. Surgery is needed if there is sig- 
nificant growth during the first year of life, if the diagnosis 


FIGURE 5.18. Multicystic dysplastic kidney. There is a small col- 
lection of cysts, several of which are calcified. The contralateral 
kidney is enlarged. 


FIGURE 5.19. Multicystic dysplastic kidney. Multiple cysts are 
seen on this sagittal sonogram through the region of the right 
kidney. There is no renal parenchyma. 


is inconclusive, or if complications arise that require 
nephrectomy. 


MULTILOCULAR CYSTIC NEPHROMA 


This uncommon lesion has been described by various names 
including multilocular renal cyst, cystic adenoma, lymphan- 
gioma, segmental multicystic kidney, segmental polycystic 
kidney, cystic hamartoma, benign cystic nephroma, and 
Perlman’s tumor. It is a congenital renal lesion that is not 
genetically transmitted. 

Multilocular cystic nephroma (MLCN) is a well-circum- 
scribed lesion containing many cysts of variable sizes. The 
cystic mass is surrounded by a thick fibrous capsule that 
compresses adjacent renal parenchyma and often projects 
into the renal pelvis. The cysts are lined by flattened or 
cuboidal epithelium and contain clear fluid. Hemorrhage 
and necrosis are uncommon. 

Two forms of MLCN, which are distinct histologically 
but not grossly, have been described. A cystic nephroma is a 
multiseptated cystic mass composed entirely of differenti- 
ated tissues. A cystic partially differentiated nephroblastoma 
is similar, but embryonal cells are found in the septations. 
These two subtypes of MLCN cannot be distinguished ra- 
diographically and are treated the same. 

The presenting signs and symptoms depend on the pa- 
tient’s age. Male patients with MLCN are usually younger 
than 4 years of age and present with a palpable abdominal 
mass. Female patients with MLCN typically present with 
symptoms between 4 and 20 years of age or after 40 years of 
age. Among children presenting younger than 4 years of age, 
73% are male; of patients older than 4 years of age at pre- 
sentation, 89% are female. In the adult, MLCN may be 
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found during examination of an unrelated complaint or 
during the investigation of pain, hematuria, or urinary tract 
infection. 

Calcification is uncommon, especially in pediatric pa- 
tients. However, radiographically detected calcifications 
were found in 7 of 12 adult patients reported by Banner and 
colleagues. Such calcifications are usually found in the cyst 
walls or intervening stroma. The pattern of calcification is 
nonspecific and may be central or peripheral. A large renal 
mass is seen with excretory urography. The cystic mass oc- 
curs with equal frequency on either side, but is more com- 
mon in the lower pole. Projection of the mass into the renal 
pelvis often can be demonstrated (Fig. 5.19). The mass is 
hypovascular and mottled in appearance. 

The multiple cystic spaces are best demonstrated using 
ultrasound. Large, multiple locules separated by echogenic 
stroma suggest the diagnosis of MLCN (Fig. 5.20). If the 
cysts are small, they may not be defined by ultrasound, and 
the echogenic stroma may suggest a complex or solid renal 
mass. 

The CT appearance is usually characteristic. The masses 
are large, averaging approximately 10 cm in diameter. They 
are sharply delineated from the normal renal parenchyma. 
MLCN is hypovascular, but the septations enhance after 
intravenous contrast administration (Fig. 5.20). When 
large cysts are present, the internal septations are well de- 
fined. If the cysts are small, the mass may have a pitted ap- 
pearance. 

Angiography demonstrates most lesions to be hypovas- 
cular, but the degree of vascularity depends on the size of the 
cysts and the amount of intervening stroma. Tortuous ves- 
sels and modest neovascularity can be seen, but signs of 
frank tumor vascularity, such as encasement, arteriovenous 
shunting, or vascular pooling are not present. 


FIGURE 5.20. Multilocular cystic nephroma. A: Multiple cysts are separated by echogenic stroma 
on ultrasound. B: A large cystic mass with multiple septations is seen on computed tomography. 
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MLCN must be differentiated from a cystic renal adeno- 
carcinoma. Although adenocarcinoma arising in MLCN has 
been reported, Madewell and coworkers at the Armed 
Forces Institute of Pathology believe these cases are multi- 
loculated renal adenocarcinoma, because the pathologic fea- 
tures of MLCN are not present. 

Radiologic imaging studies are not adequate to exclude 
malignancy, and further evaluation is needed. Cyst aspira- 
tion is usually inadequate because the locules do not com- 
municate and because an excessive number of punctures 
would be required to evaluate all portions of the lesion. 
Thus, surgical excision is indicated. 

Because MLCN is a benign lesion and often can be sug- 
gested preoperatively, local excision may be appropriate. 
Frozen sections should be obtained, however, to exclude 
malignancy. If malignant tissue is seen, a radical nephrec- 
tomy could be performed. 


CYSTS ASSOCIATED WITH SYSTEMIC 
DISEASE 


The phakomatoses are a group of neurologic disorders that 
include congenital abnormalities of the skin and other or- 
gans. Two of these disorders, tuberous sclerosis and von 
Hippel-Lindau (VHL) disease, are associated with renal 
cysts. 


Tuberous Sclerosis Complex 


The complex of tuberous sclerosis (Bourneville’s disease) 
includes small cutaneous angiofibromas on the face (ade- 
noma sebaceum) and hamartomas in a variety of organs, 
such as the brain, eyes, heart, and kidneys. The disease is 
transmitted by autosomal-dominant inheritance, but with 
incomplete penetrance. Sporadic cases, presumably a re- 
sult of spontaneous mutation, also may occur. 

Patients may present with mental retardation, seizures, 
or characteristic skin lesions. Approximately 80% of pa- 
tients have renal angiomyolipomas, which may cause 
hematuria. 

In addition to the angiomyolipomas found in patients 
with tuberous sclerosis (see Chapter 6), there is an in- 
creased incidence of renal cysts. These cysts are small and 
seldom exceed 3 cm in diameter. They have a distinctive 
microscopic appearance with hyperplastic epithelium. 
Severe renal involvement can lead to renal failure, which is 
second only to involvement of the central nervous system 
(CNS) as a cause of death in these patients. Multiple en- 
larging renal cysts and retroperitoneal hemorrhage from an 
angiomyolipoma are the most common causes of renal fail- 
ure. Computed tomography may demonstrate only 
hamartomas, hamartomas and cysts, or only cysts. 


TUBEROUS SCLEROSIS 


m Autosomal-dominant inheritance 

m Adenoma sebaceum 

m Hamartomas, including renal angiomyolipo- 
mas 


m Renal cysts 


Sonography clearly distinguishes the anechoic cysts from 
angiomyolipomas, which are typically very echogenic. The 
appearance of the cysts is the same as simple cortical cysts 
(Fig. 5.21). The appearance of an angiomyolipoma reflects 
the proportion of each tissue element within the tumor. 

Computed tomography may confirm the presence of 
cysts (Fig. 5.22), but more often is used to confirm an an- 
giomyolipoma by demonstrating the fatty nature of the tu- 
mor. Tumors without fat will be indistinguishable from re- 
nal adenocarcinomas. 


von Hippel-Lindau Disease 


This disease consists of cerebellar and retinal hemangioblas- 
tomas, renal carcinomas, pheochromocytomas, and a vari- 
ety of visceral cysts, including renal cysts. It is transmitted 
by autosomal-dominant inheritance, and has a high pene- 
trance, but variable expression. 


VON HIPPEL-LINDAU DISEASE 


Cerebellar and retinal hemangioblastomas 
Renal carcinomas 

Renal cysts 

Pancreatic islet cell tumors 

Pancreatic cysts 

Pheochromocytomas 


Patients with VHL disease present most commonly with 
symptoms of a cerebellar hemangioblastoma. Capillary an- 
giomas involve the retina and may cause progressive visual 
loss. Renal cysts occur in approximately three fourths of pa- 
tients, and renal adenocarcinomas develop in 25% to 45% 
of patients (see Chapter 6). The renal tumors often are bi- 
lateral and are usually multifocal. Other urologic manifesta- 
tions include adrenal pheochromocytomas and papillary 
cystadenomas of the epididymis. 

Three distinct phenotypes of VHL disease now are rec- 
ognized. The most common pattern (type 1) includes reti- 
nal and CNS hemangioblastomas, renal cysts and cancers, 
and pancreatic cystic disease (Fig. 5.23). The second most 
common pattern (type 2A) includes retinal and CNS he- 
mangioblastomas, as well as pheochromocytomas and islet 


FIGURE 5.21. Tuberous sclerosis. Ultrasound demonstrates mul- 
tiple cystic renal masses. 


FIGURE 5.22. Tuberous sclerosis. An enhanced CT examination 
reveals numerous cysts in both kidneys. An angiomyolipoma is 
seen in the right kidney (arrow). 


FIGURE 5.23. von Hippel-Lindau disease. Multiple pancreatic 
cysts and a left renal carcinoma are visualized. 
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cell tumors of the pancreas. Renal cysts and cancers are not 
present in type 2A. The least common phenotype of VHL 
(type 2B) includes retinal and CNS hemangioblastoma, 
pheochromocytoma, and renal and pancreatic disease. 

The renal cysts, which usually range in size from 0.5 to 
3.0 cm, are reported in approximately 60% of patients with 
VHL. However, if families with pheochromocytomas (type 
2A) are excluded, the prevalence increases to 85%. They 
demonstrate a continuum from simple cysts to carcinoma 
manifesting as complex papillary projections into the cystic 
lumen. However, the hyperplastic epithelial lining may be a 
precursor of malignancy. 

Radiographic evaluation of patients with VHL disease is 
difficult. The numerous cysts distort the normal renal ar- 
chitecture. Tumors develop in the cyst wall, so careful eval- 
uation is essential. Narrowly collimated CT is the most use- 
ful modality for this purpose. However, the tumors often are 
small (Fig. 5.24) and difficult to distinguish from cysts. 
Levine and coworkers (1992) recommend annual follow-up 
CT examination of any lesions that do not satisfy the crite- 
ria for a benign cyst or a frank neoplasm. 


FIGURE 5.24. von Hippel-Lindau disease. A: Several renal and 
pancreatic cysts are seen on this enhanced CT examination. B: A 
small renal carcinoma was found in the right upper pole. 
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Renal arteriography is less sensitive than CT in detect- 
ing the small renal tumors (see Chapter 6). However, an- 
giography is valuable if surgical resection is contemplated, 
and precise knowledge of the vascular anatomy is needed 
to remove the tumor and spare as much renal parenchyma 
as possible. 


ACQUIRED RENAL CYSTIC DISEASE 


Since the initial description in 1977, many investigators 
have documented the progressive development of renal cysts 
and solid tumors in patients with renal failure. Although the 
mechanism of cyst formation in these uremic patients is un- 
known, it is postulated that dialysis incompletely removes 
toxins and that their build-up may induce these changes. 
The cysts are thought to develop as a result of fusiform dila- 
tions of the proximal renal tubules. The involution of these 
cysts after successful renal transplantation supports this hy- 
pothesis. 

Renal cysts occur in approximately 8% of patients at the 
initiation of dialysis and increase proportional to the dura- 
tion of dialysis. After 3 years, 10% to 20% of patients have 
acquired renal cystic disease (ARCD). This increases to 40% 
of patients after 3 years of dialysis and to 90% after 5 to 10 
years. ARCD is seen equally among patients receiving 
hemodialysis or peritoneal dialysis. 

Solid tumors also are seen with increased frequency, up 
to 7%. These solid neoplasms include adenomas, oncocy- 
tomas, and adenocarcinomas. From pathologic examination 
it is not easy to determine the biologic behavior of these tu- 
mors, but the incidence of malignant adenocarcinomas is 
probably small. Many of these tumors, which are classified 
as malignant histologically, do not demonstrate malignant 
behavior. In a review of 14 long-term dialysis series, 
Grantham and colleagues found that only 2 of 601 (0.33%) 
patients developed metastatic cancer. Prospective longitudi- 
nal studies indicate that the annual incidence of metastatic 
or locally invasive renal carcinoma among dialysis patients is 
three to six times that of the general population. 

Although the renal cysts tend to regress after successful 
renal transplantation, the effect on the risk of developing re- 
nal cancer is less clear. Any nondialyzable carcinogenic fac- 
tors are likely removed by the functioning renal allograft, 
and the risk of renal cancer then would be reduced. 
However, transplant recipients have an increased risk of de- 
veloping renal carcinoma, presumably caused by immuno- 
suppression. The net result is that these patients remain at 
increased risk for developing renal carcinoma, even after 
successful transplantation. 

The ultrasonographic examination of native kidneys is 
difficult because they often are small, distorted, and sur- 
rounded by highly echogenic fat. There is an increased inci- 
dence of hemorrhage into renal cysts or perinephric space. 


Calcification frequently occurs in the cyst walls or in the re- 
nal interstitium, making ultrasonographic evaluation even 
more difficult. 

A renal mass with internal echoes, mural nodules, or no 
distal acoustic enhancement is likely to be a renal carci- 
noma. Tumor enhancement has been described with ultra- 
sonographic angiography. 

It is easier to examine the native kidneys with CT (Fig. 
5.25)than with ultrasound, and the sensitivity of CT using 
thin-section techniques to detect small lesions is greater 
than with ultrasound. Multiple small cysts are seen by CT 
in virtually all patients with acquired cystic disease. 
Dystrophic calcifications are common in the raal 
parenchyma or cyst walls. Bleeding is a common complica- 
tion, so hemorrhagic cysts and subcapsular or perinephric 
hematomas are found often (Fig. 5.26). Carcinomas are 
seen as masses with a density similar to the unenhanced 
parenchyma. If large (greater than 3 cm), the masses may be 
inhomogeneous, which is better seen with contrast en- 
hancement. 

MR also will demonstrate small kidneys and multiple 
cysts. Solid tumors may be distinguished from cysts by their 
lower signal intensity on T2-weighted images or by en- 
hancement following the intravascular administration of 
gadolinium. (Fig. 5.27). 
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FIGURE 5.25. Acquired renal cystic disease. Dystrophic calcifica- 
tion and multiple renal cysts are present on this unenhanced 
computed tomography scan. 


FIGURE 5.26. Acquired renal cystic disease. Multiple renal cysts 
and a perinephric hematoma are identified on this contrast-en- 
hanced computed tomography scan. 
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FIGURE 5.27. Acquired renal cystic disease. A small renal carci- 
noma was found (arrow) in the right kidney on this gadolinium- 
enhanced magnetic resonance examination using a T1-weighted, 
gradient recalled echo, fat saturation technique. 
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MISCELLANEOUS RENAL CYSTS 
Orofaciodigital Syndrome 


This rare, x-linked, inherited disorder includes malforma- 
tions of the mouth, face, and digits. It is lethal in utero in 
males, and therefore, all patients are female. Multiple renal 
cysts may mimic autosomal-dominant or autosomal-reces- 
sive polycystic kidney disease. Many patients develop pro- 
gressive renal insufficiency and eventually require dialysis. 


Hydatid Disease 


Hydatid disease in humans is usually caused by infection 
with Echinococcus granulosus, but also may be caused by 
Echinococcus multilocularis. The disease is endemic on all 
five continents and may be seen in nonendemic areas in pa- 
tients who have traveled to endemic regions. 

The adult worm lives in the intestine of a dog (definitive 
host) and discharges the egg-containing proglottid into the 
feces. The intermediate host is usually a sheep that ingests 
the eggs while grazing on contaminated ground. The pro- 
tective chitinous layer is dissolved in the duodenum, and the 
hydatid embryo passes through the intestinal wall into the 
portal vein. Thus, the liver is the most commonly involved 
organ. The embryo develops into a slowly growing cyst. The 
cycle is completed when the intermediate host (sheep) dies 
and the larva are eaten by the definitive host (dog). The hu- 
man being is infected as an accidental host by eating con- 
taminated food. 

Hydatid cysts are composed of three layers: (a) an outer 
protective pericyst, (b) an easily broken middle membrane, 
and (c) a thin inner germinal layer that produces the scol- 
ices. The organs most commonly involved in humans are 
the liver (75%) and lung (15%). Other organs, such as 
brain, bone, and kidney are infected in less than 10% of 
cases. 

Although most cases are acquired in childhood, they are 
not usually detected until adulthood. The symptoms of re- 
nal hydatid disease are nonspecific, and many patients are 
asymptomatic. Flank pain, hematuria, or signs of urinary 
tract infection may be present. A serologic test is available 
for patients suspected of having hydatid disease, on the ba- 
sis of contact or radiologic findings. 

Curvilinear calcifications in the wall of the hydatid cyst 
may be detected on plain radiographs in 20% to 30% of 
cases. The appearance ranges from thin, egg-shell-like calci- 
fication to a dense reticular appearance. A hypovascular 
mass can be detected with urography. However, the thick 
rim distinguishes the hydatid cyst from a simple cortical 
cyst. 

A septated cystic mass is seen on ultrasound. Internal 
echoes may be present and are caused by hooklets, scolices, 
and brood capsules within the hydatid fluid. 

Thick wall cysts also are well demonstrated by CT. If 
daughter cysts are present, they can be detected by a high- 
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FIGURE 5.28. Cyst rupture into collecting system. A: An unenhanced CT reveals a water density 
mass in the left kidney. B: Delayed images after intravenous contrast administration demonstrate 
opacification of the cyst with excreted contrast material. 


density component next to the clear, water-density cystic 
fluid. A rosette pattern may be seen as fluid within the 
daughter cysts has a lower density than fluid within the par- 
ent cyst. 

Removal of hydatid cysts risks dissemination of daughter 
cysts into the peritoneal cavity or retroperitoneum. Allergic 
reactions ranging from cutaneous manifestations to anaphy- 
lactic shock and death may occur when cyst contents are 
spilled. However, Akhan et al. recently reported successful 
treatment of five patients with renal hydatid cysts. 


Communicating Cysts 


Occasionally, a renal cyst communicates with the collecting 
system and opacifies with intravenous contrast medium on 
IVP, CT, or retrograde pyelography. Any cystic renal mass, 
such as a benign cortical cyst, inflammatory cyst, or even 
cystic carcinoma may rupture into the collecting system 
(Fig. 5.28) and produce this appearance. However, the most 
common etiology is a pyelogenic cyst or calyceal diverticu- 
lum (see Chapter 15). 


FIGURE 5.29. Communicating cyst. A: A small amount of contrast material is seen in the left re- 
nal cyst. The thick wall suggests it is most likely a calyceal diverticulum. B: Later images demon- 


strate further contrast accumulation. 


FIGURE 5.30. Renal sinus cyst. A mass is seen displacing the re- 
nal pelvis and major infundibuli (arrows) on excretory urography. 


A pyelogenic cyst is lined with transitional epithelium 
and communicates with the collecting system through a nar- 
row isthmus. The connection is usually at the fornix, but 
can be at any portion of the calyx. Most cysts are small, usu- 
ally less than 2 cm in diameter. Pyelogenic cysts are usually 
asymptomatic, but occasionally may contain calculi or milk 
of calcium. 

Because excreted contrast medium enters the calyces 
from the tubules of Bellini, the calyces opacify before the ca- 
lyceal diverticulum. This useful differentiating feature dis- 
tinguishes the calyces from papillary necrosis or focal hy- 
dronephrosis. Communicating cysts also are well 
demonstrated by CT, in which contrast accumulation can 
be clearly seen (Fig. 5.29). 
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EXTRAPARENCHYMAL CYSTS 


Various investigators have used different terms to describe 
extraparenchymal cysts. To minimize this ambiguity, we 
consider cysts in two anatomic locations. The term para- 
pelvic cyst is applied to cysts lying in the region of the renal 
sinus and the term perinephric cyst is used to describe those 
just beneath the renal capsule. 

Amis and Cronan have suggested that cysts in the renal 
sinus are further subdivided into etiologies. They use the 
term parapelvic cyst for a renal parenchymal cyst that pro- 
jects into the renal sinus. Cysts that develop in the renal si- 
nus, probably from lymphatics, are termed peripelvic cysts. 
Using this terminology, parapelvic cysts are usually large but 
solitary, whereas peripelvic cysts more often are small and 
multiple. 


Renal Sinus Cysts 


These benign cysts lie in the region of the renal hilum and 
cause extrinsic compression on the collecting system. 
Smooth bowing or displacement of the infundibuli is seen 
on the IVP (Fig. 5.30). The CT appearance is that of a be- 
nign cyst located in the hilar area (Fig. 5.31)rather than the 
cortex of the kidney. 

Renal sinus cysts may not be renal in origin, but could be 
lymphocysts or may arise from embryologic remnants in the 
renal hilum (peripelvic cysts). With increased use of CT and 
ultrasound, they are frequently recognized and often are 
multiple and bilateral (Fig. 5.31). Problems arise when renal 
sinus cysts are confused with other entities. 

On urography, the mass effect of the renal sinus cyst on 
the collecting system also could be caused by a renal tumor 
or metastases to lymph nodes in the hilar region. Ultrasound 
demonstrates their benign cystic nature (Fig. 5.32). 
However, on ultrasound, the multiple echo-free areas in the 
central portion of the kidney may suggest hydronephrosis. 
Care must be taken to demonstrate that a dilated calyx is 


FIGURE 5.31. Renal sinus cyst. A: A large cyst in the left renal hilus is bowing the collecting sys- 
tem. B: Computed tomography demonstrates that these cysts are often multiple and bilateral. 
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FIGURE 5.32. Renal sinus cyst. A cyst (C) in the region of the re- 
nal hilus is seen with ultrasound. 


continuous with an enlarged infundibulum and pelvis be- 
fore hydronephrosis is diagnosed. 

Renal sinus cysts should not be confused with renal sinus 
fat (sinus lipomatosis). Both of these entities produce ex- 
trinsic compression on the renal collecting system and may 
be indistinguishable by urography. However, CT and ultra- 
sound can easily distinguish between these processes. The 
low-density fat is clearly different from the water density 
cysts on CT examination. Fat is highly echogenic on ultra- 
sound, through which it can be easily differentiated from 
the echo-free cysts. 


Perinephric Cysts 


A perinephric cyst is renal in origin, but is not a true cyst. It 
represents a collection of fluid, presumably extravasated 
urine, that is formed often after renal trauma, but is trapped 
beneath the renal capsule. Perinephric cysts also may be seen 
in infants with congenital lower urinary tract obstruction. 
The cyst walls are composed of fibrous tissue and do not 
have an epithelial lining. They are seldom of any clinical sig- 
nificance but, if large, could result in hypertension from the 
compressive force on the renal parenchyma (Page kidney). 


RENAL CYST PUNCTURE 


During the early 1970s, renal cyst puncture gained great 
popularity as the definitive procedure, short of surgery, for 
the diagnosis of a renal cyst. This procedure now has been 


supplanted by CT and US as these noninvasive tests have a 
diagnostic accuracy at least as high as cyst puncture. Cyst 
puncture may be used in highly selected patients in whom 
the renal cyst is felt to be causing pain or obstruction of the 
collecting system. 
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RENAL TUMORS 


RENAL PARENCHYMAL TUMORS 
Adenocarcinoma 

Renal Medullary Carcinoma 

Adenoma 

Oncocytoma 

Wilms’ Tumor 

Rhabdoid Tumor 
Nephroblastomatosis 

Mesoblastic Nephroma 


MESENCHYMAL TUMORS 
Angiomyolipoma 

Fibrous Tumors 

Osteosarcoma 

Lipoma 

Leiomyoma and Leiomyosarcoma 
Malignant Fibrous Histiocytoma 


Hemangioma 
Juxtaglomerular Tumors 


RENAL PELVIS TUMORS 
Transitional Cell Carcinoma 
Squamous Cell Carcinoma 


SECONDARY TUMORS OF THE KIDNEY 
Lymphoma 

Leukemia 

Multiple Myeloma 


Solid Tumor Metastases 
RENAL CAPSULAR TUMORS 


INDETERMINATE RENAL MASS 
Cystic Masses 
Small Masses 


Because any cell type found in the kidney or renal capsule 
has the potential to become neoplastic, there are many types 
of renal tumors. Unfortunately, few of these tumors have a 
radiographic appearance sufficiently characteristic to make a 
confident diagnosis. Thus, the majority of solid renal masses 
must be considered malignant until proven otherwise. 


RENAL PARENCHYMAL TUMORS 
Adenocarcinoma 


Renal adenocarcinoma is a malignant neoplasm that arises 
from proximal convoluted tubular epithelial cells. The 
many synonyms that have been applied to this tumor, such 
as hypernephroma, Grawitz’s tumor, clear cell carcinoma, 
and malignant nephroma, are misleading or inadequate and 
are best ignored. 

Renal carcinoma is twice as common among men than 
women. The tumor may occur at any age, but the incidence 
peaks in the sixth decade. No etiologic agents are recog- 
nized, but there is an increased incidence in patients who 
use tobacco. Patients with von Hippel-Lindau disease often 
develop renal carcinomas that are smaller but frequently 
multiple and bilateral. There also is a familial renal cell car- 
cinoma unrelated to von Hippel-Lindau disease. 


Patients on chronic hemodialysis or peritoneal dialysis 
develop acquired renal cystic disease (see Chapter 5). These 
patients have an overall incidence of renal carcinoma of ap- 
proximately 7%, although not all of these tumors behave in 
a biologically aggressive manner. These tumors begin to ap- 
pear in patients as early as 3 years after initiation of dialysis, 
but are difficult to detect because these patients’ kidneys are 
not functioning and usually contain multiple cysts and dys- 
trophic calcifications. The incidence of renal tumors seems 
to parallel the development of acquired cystic disease, such 
that more tumors are seen the longer the patients are main- 
tained on dialysis. The effect of renal transplantation on the 
development of renal cancer is unclear. Although it is likely 
that successful transplantation reduces the risk of renal car- 
cinoma by removing undialyzable carcinogens, this is 
counter-balanced by the increased risk of malignancy with 
immunosupptession. 

The classic clinical presentation with a flank mass, pain, 
and hematuria occurs in only a minority of patients. Often 
patients first complain of nonspecific symptoms such as 
weight loss, fatigue, or even gastrointestinal or neurologic 
symptoms. Less common presenting complaints include 
fever or a new varicocele. Fatigue may be caused by a nor- 
mochromic normocytic anemia. A variety of other hor- 
mones may be secreted by renal adenocarcinomas in suffi- 
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TABLE 6.1. ENDOCRINE 
MANIFESTATIONS OF RENAL 


ADENOCARCINOMA 

Hormone Manifestation 
Renin Hypertension 
Erythropoietin Erythrocytosis 
Parathormone Hypercalcemia 
Prolactin Galactorrhea 
Gonadotropin Gynecomastia 
ACTH Cushing syndrome 


ACTH 5 corticotrophin 


ACTH, adrenocorticotrophic hormone. 


cient quantity to cause distinct clinical manifestations 
(Table 6.1). These hormones include renin, erythropoietin, 
parathormone, adrenocorticotropic hormone, prolactin, 
and gonadotropin. Thus, renal adenocarcinoma has some- 
times been called the internist’s tumor. 

Hematuria is the most common sign, occurring in more 
than 50% of patients. It is usually gross, but is occasionally 
only microscopic. Flank pain, present in more than one 
third of patients, is probably caused by distension of the re- 
nal capsule. A flank mass is palpable at presentation in ap- 
proximately one third of patients. As abdominal computed 
tomography (CT) and ultrasound examinations are being 
performed more commonly, there has been an increase in 
the discovery of small, asymptomatic renal carcinomas. 

It is difficult to predict the natural history of renal ade- 
nocarcinoma. Some tumors demonstrate aggressive behav- 
ior by growing rapidly and metastasizing early. However, 
occasionally patients may live for years with an untreated 
primary tumor. Metastases have been reported as late as 31 


years after nephrectomy, and spontaneous regression of 
metastases or a primary tumor may occur. 


Radiology 


The radiologic investigation of patients suspected of having 
renal carcinoma may begin with excretory urography (IVP). 
However, urography is not as sensitive as CT in the detec- 
tion of renal masses. Urography detects only one-half of the 
renal masses between 2 and 3 cm in diameter that are seen 
by CT. Thus, CT is needed in patients with a strong clini- 
cal suspicion of a renal tumor, even if excretory urography is 
unrevealing. 

Calcification, which can be detected on an abdominal ra- 
diograph in as many as 20% of renal adenocarcinomas, is 
even easier to detect on an unenhanced CT examination 
(Fig. 6.1). However, calcification also may be seen in other 
renal masses, including common lesions such as benign 
cysts. 

The character of the calcification is helpful in determin- 
ing the etiology of a renal mass. Peripheral curvilinear calci- 
fication is more commonly seen in a cyst, whereas central 
calcification means the lesion is more likely a renal carci- 
noma. However, the importance of calcification has de- 
creased since CT, ultrasound, and magnetic resonance 
(MR) can be used to more clearly define the nature of a re- 
nal mass (Fig. 6.1). Any of these cross-sectional imaging 
modalities can directly detect a soft tissue mass or tumor 
nodule within a cystic mass without relying on the presence 
of a central calcification. Furthermore, calcification of a cen- 
tral septation within a cyst may give the misleading impres- 
sion of a solid mass on urography. 

In all but very large tumors, renal function is preserved. In 
fact, diminished renal function suggests tumor thrombosis in 


FIGURE 6.1. Renal carcinoma. A: Calcification is seen in a small mass in the right kidney on this 
unenhanced computed tomography (CT) examination. B: During the cortical phase of contrast ad- 
ministration, the mass enhances, but less than the normal renal cortex. 


the renal vein. The carcinoma is identified as a vascular mass 
with mottled density that causes a focal bulge in the renal 
contour. Involvement of the collecting system is seen as an ir- 
regularity of the urothelial surface or complete occlusion of a 
calyx or infundibulum. A filling defect within the collecting 
system may represent blood clot or tumor invasion. 

Hypovascular or cystic renal carcinomas may be difficult 
to distinguish from benign cysts on IVP. Benign cortical 
cysts are sharply defined and have an imperceptibly thin 
wall (see Chapter 5). If the wall of a cystic mass can be de- 
tected by IVP or CT, the lesion is not a simple cyst and fur- 
ther evaluation is warranted. 

Even with routine nephrotomography, it often is impos- 
sible to define a renal mass well enough by IVP to make a 
diagnosis of a benign lesion. Further study with ultrasound 
or CT is needed. Those lesions that are most likely benign 
cysts are most efficiently confirmed by ultrasound. 
However, if the lesion is complex or solid, CT will probably 
be needed, and it may be more expeditious to omit ultra- 
sound and proceed directly to CT. 


RENAL CARCINOT 
(IVP) 


ave calcification 


margin with normal 
ices intrarenal collecting 


Ultrasound is particularly helpful in distinguishing solid 
renal masses from cystic renal masses. A renal adenocarci- 
noma usually is seen as a solid mass, although cystic regions 
representing areas of hemorrhage or necrosis are common. 

The echogenicity of renal carcinomas is variable. They 
may be more echogenic, less echogenic (Fig. 6.2), or iso- 


FIGURE 6.2. Renal carcinoma. Ultrasound reveals a mass (M) in 
the upper pole that is slightly less echogenic than the normal re- 
nal parenchyma. 
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echoic with the normal renal parenchyma. Highly 
echogenic tumors, which are more frequently small tumors, 
may mimic the increased echogenicity of fat-containing tu- 
mors such as angiomyolipomas. With the increased recog- 
nition of small renal carcinomas, more hyperechoic tumors 
mimicking angiomyolipomas are found. However, an ane- 
choic rim often is present in hyperechoic renal carcinomas 
and is not seen in angiomyolipomas. Isoechoic tumors may 
be difficult to detect with ultrasound, especially if they are 
small and do not displace the collecting system or produce a 
contour deformity. Less echogenic tumors simulate more 
homogeneous tumors such as lymphomas or may be con- 
fused with renal cysts. However, these solid tumors have 
poorly defined margins and do not have the increased sound 
transmission seen with cysts. A few renal adenocarcinomas 
are frankly cystic. However, even these tumors can usually 
be distinguished from simple cysts by their irregularly thick 
walls and the presence of some internal echoes. 

Doppler ultrasound provides a noninvasive measure of 
the vascularity of a renal mass. High velocity signals, which 
are presumably from arteriovenous shunting, are frequently 
seen in renal carcinomas. Kuijpers and colleagues report that 
a Doppler shift of 2.5 kHz or more indicates a renal carci- 
noma or inflammatory mass, whereas a shift of less than 2.5 
kHz supports the diagnosis of a benign cyst. 


ENAL CARCINOMA — 
(ULTRASOUND) 


CT is the single most valuable modality in assessing a re- 
nal mass. It is the most sensitive radiographic examination 
for the detection of renal masses, although reports of equal 
sensitivity with MR are beginning to appear. CT also can 
identify simple cysts with a high degree of accuracy. Other 
mass lesions that are indeterminate or clearly solid must be 
considered renal adenocarcinoma until proven otherwise. 

Renal adenocarcinomas are readily detected by CT. 
Their density is variable and depends on the presence of tis- 
sue necrosis, hemorrhage, or calcification. Although a con- 
tour bulge often may be appreciated, smaller masses may 
easily be missed on precontrast images (Fig. 6.3). 

After intravenous contrast administration, renal carci- 
nomas usually demonstrate an inhomogeneous enhance- 
ment. Portions of the tumor become nearly as dense as the 
normal renal cortex, whereas other areas show little en- 
hancement (Fig. 6.4). Cystic carcinomas are recognized by 
their thick irregular wall or the presence of a tumor nodule 


(Fig. 6.5). 
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FIGURE 6.3. Renal carcinoma. A: The precontrast image is unremarkable. B: After contrast injec- 


tion, a small low-density mass (arrow) is seen. 


FIGURE 6.4. Renal carcinoma. Computed tomography reveals 
inhomogeneous enhancement of the tumor. 


FIGURE 6.5. Cystic renal carcinoma. The low-density center of 
this left renal mass represents tumor necrosis. The thick irregular 
wall indicates renal carcinoma rather than a complicated cyst. 


The speed of spiral (helical) or multislice CT allows 
imaging of the kidneys during corticomedullary (CMP) and 
nephrographic (NP) phases of contrast enhancement. 
Images may also be obtained during the vascular phase to 
optimally visualize the renal artery and vein. Although vas- 
cular phase images are obtained slightly before CMP im- 
ages, the two phases are sufficiently close that only one set of 
images may be needed. Vascular phase images may be use- 
ful to define renal vascular anatomy for planned urologic 
surgery. Vascular enhancement of a renal mass is most eas- 
ily detected during the vascular or corticomedullary phases. 
Nephrographic phase images are important for the detec- 
tion of solid renal masses as they help avoid the false positive 
and false negative interpretations when only CMP images 
are examined. 

The ideal examination of the kidneys by CT for the pres- 
ence and characterization of a renal mass includes contigu- 
ous narrow collimated images obtained during a single 
breath hold. These images should be obtained prior to in- 
travascular contrast administration and during corti- 
comedullary (including vascular) and nephrographic phases. 
If unenhanced images were not obtained, delayed images 
may be obtained to determine enhancement of a lesion. 
This is unnecessary if the lesion in question measures near 
water density on enhanced images, but is very useful to dis- 
tinguish a solid mass from a hemorrhagic cyst if the lesion 
measures significantly more than water density. 


RENAL CARCINOMA = 
(CT OR MR) a 
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The use of angiography as a method of diagnosing renal 
carcinoma has decreased, because CT has assumed this role. 
Most renal adenocarcinomas are vascular tumors and dis- 
play tumor neovascularity. The most specific vascular ap- 
pearance is encasement, whereby a vessel decreases in caliber 
as it is entrapped by tumor but then increases in caliber far- 
ther along its course (Fig. 6.6). This phenomenon is seen 
rarely in inflammatory masses. Arteriovenous shunting is 
common and there may be a dense tumor stain, vascular 
puddling, or the formation of venous lakes. These changes 
may be less obvious in the minority of renal carcinomas that 
are hypovascular. Such tumors often have large areas of 
hemorrhage or tumor necrosis but still demonstrate some 
abnormal vessels. 

MR imaging has become a valuable modality for evaluat- 
ing renal masses. The improved signal-to-noise ratios of 
higher (1.5-T) field strength units combined with fat sup- 
pression techniques to make lesions more conspicuous and 
the use of intravascular contrast agents have improved MR 
sensitivity for detecting renal masses to approximately equal 
that of contrast-enhanced CT. Furthermore, the higher 
field-strength magnets have made breath-hold techniques 
that remove respiratory-induced artifacts more practical. 

Yamashita and coworkers (1996) recently reported find- 
ing a pseudocapsule in 66% of renal carcinomas 4 cm in di- 
ameter or smaller. This may be useful in surgical planning, 
because the presence of a pseudocapsule may make enucle- 
ation easier. 

The signal characteristics of renal carcinomas vary with 
the vascularity of the tumor and the presence or absence of 
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central necrosis, calcification, hemorrhage, and iron de- 
posits. Homogeneous tumors are relatively isointense with 
the renal parenchyma on T1- and T2-weighted sequences. 
Intravenous contrast (Gd-DTPA) administration enhances 
the vascular tumors. This is usually done with spin-echo or 
T1-weighted sequences. Hypovascular tumors are better de- 
tected with fat-saturation techniques. 

Although the sensitivity of MR is similar to CT for de- 
tecting renal masses, CT remains the primary imaging 
modality for the detection of renal tumors. Magnetic reso- 
nance has advantages for staging, especially tumor extension 
into the vein, and can be used as a problem-solving tech- 
nique for specific situations. MR angiography may be valu- 
able in defining renal vessels for patients in whom a partial 
nephrectomy is planned. MR also may be substituted for 
CT in patients in whom iodinated intravascular contrast 
medium is contraindicated. 


Staging 


The two most commonly used staging systems are the clas- 
sic system described by Robson and colleagues in 1969 and 
the TNM system described by the American Joint 
Committee on Cancer (Table 6.2). The Robson classifica- 
tion is simpler, has been in use longer, and provides 
anatomic and prognostic information. 

In the Robson system, stage I disease is confined to the 
kidney. Tumor does not extend beyond the renal capsule. 
The 5- and 10-year survival rates for these patients are 67% 
and 56%, respectively. 


FIGURE 6.6. Renal carcinoma. A,B: The arteriographic findings of neovascularity, encasement, 


and venous laking indicate renal carcinoma. 
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TABLE 6.2. RENAL CARCINOMA STAGING 


Robson 
Stage Disease Extent TNM 
I Confined within renal capsule T1 (< 2.5 cm) 
T2 (> 2.5 cm) 
| Penetrates beyond renal capsule but 
remains within Gerota’s fascia T3A 
IIA Extends into renal vein and may progress 
into inferior vena cava T3B 
IIIB Involves regional lymph nodes N1-3 
IIIC Includes both venous extension and lymph 
node involvement T3B, N1-3 
IVA Tumor growth through Gerota’s fascia into 
adjacent tissues T4 
IVB Distant metastases M1 


Tumor that has grown through the renal capsule into the 
perinephric space is considered stage II disease. The ipsilat- 
eral adrenal gland may be involved. Because the entire con- 
tents of Gerota’s fascia are removed during radical nephrec- 
tomy, the distinction between stage I and stage II disease 
does not usually affect surgical treatment. The 5- and 10- 
year prognoses are 51% and 28%, respectively. 

Stage III disease is subdivided into A, B, and C cate- 
gories. Tumor that involves the main renal vein is classified 
as stage IIIA. The tumor may grow into the inferior vena 
cava (IVC) and up to the right atrium. The precise delin- 
eation of the tumor thrombus is critical to planning the sur- 
gical approach. 

Involvement of regional lymph nodes indicates stage 
IIB, whereas in stage IIIC disease, the tumor involves the 
main renal vein and regional lymph nodes. The 5- and 10- 
year prognoses for stage III disease are 34% and 20%, re- 
spectively. Because the tumor thrombus often can be surgi- 
cally removed, patients with stage IIIA disease have a much 
better prognosis than those with stage IIIB disease. 

Stage IV disease indicates disseminated tumor. Direct ex- 
tension through Gerota’s fascia into the adjacent organs is 
classified as stage IVA. Hematogenous or lymphatic metas- 
tases to distant sites results in a stage IVB classification. The 
5- and 10-year prognoses for stage IV disease are 14% and 
3%, respectively. Interestingly, patients with solitary metas- 
tases do better than those with multiple metastatic deposits. 

Once a renal mass suspicious for renal carcinoma is 
found, staging is needed. A standard posteroanterior and 
lateral chest radiograph will detect most pulmonary metas- 
tases. If the patient has bone pain or an elevated serum al- 
kaline phosphatase level, a radionuclide bone scan is indi- 
cated to detect bone metastases. Metastases to the skeleton 
or thorax is classified as stage IV disease and is treated with 
palliation. 

If the patient is a surgical candidate, the abdomen is best 
evaluated using CT (Fig. 6.7). The overall accuracy of CT 
in staging renal carcinoma is greater than 90%. However, 
some distinctions are more crucial than others. In patients 


FIGURE 6.7. Renal carcinoma. A large tumor (T) is seen in the 
lower pole of the left kidney. Regional lymph node metastases 
(M) indicate stage IIIB disease. 


on whom a radical nephrectomy is performed, it is inconse- 
quential whether or not there is penetration of the renal cap- 
sule by tumor. Because it is difficult to make this distinction 
by CT, the elimination of this category raises the accuracy 
of CT staging to more than 95%, 

Because CT is highly sensitive for the detection of 
adrenal metastases (Fig. 6.8), a negative CT examination 
virtually excludes all but microscopic involvement. Thus, 
urologists may elect to spare the adrenal gland during 
nephrectomy in patients whose CT examinations show a 
normal-appearing ipsilateral adrenal gland. 


FIGURE 6.8. Adrenal metastasis. A heterogeneous right adrenal 
mass is seen on an enhanced computed tomography (CT) image. 


FIGURE 6.9. Renal carcinoma. A large left renal carcinoma is 
seen extending into the renal vein (RV) and inferior vena cava (C) 
on this enhanced computed tomography scan. 


Identification and precise delineation of venous exten- 
sion is essential to plan the surgical approach and to gain 
vascular control of the kidney (Fig. 6.9). In many patients 
the renal vein has an oblique or undulating course to the in- 
ferior vena cava, and care must be taken to distinguish tu- 
mor thrombus in the renal vein from enlarged paraaortic 
lymph nodes (Fig. 6.10). If the CT examination is equivo- 
cal, MR imaging may be required. Because flowing blood 
does not impart a signal, a patent vein can easily be distin- 
guished from the higher signal intensity of tumor extending 
into the vein. Furthermore, gradient echo techniques 
rapidly assess the status of the major veins (Fig. 6.11)and 
clearly define the cephalad extent of tumor (Fig. 6.12). 

MR imaging also may prove accurate in assessing the 
small opacities seen in the perinephric space in many of 
these patients on CT examination. Some of these opacities 
represent inflammatory changes, whereas others may be 
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FIGURE 6.11. Renal carcinoma. Gradient-recalled echo tech- 
niques are useful in identifying tumor extension into the inferior 
vena cava (arrow). 


caused by involved lymph nodes or collateral vessels. MR 
resonance imaging can clearly identify patent vessels and can 
distinguish them from lymphadenopathy. 


Papillary Adenocarcinoma 


Renal adenocarcinomas may be subdivided into papillary 
and nonpapillary types based on the pattern of cellular ar- 
chitecture. Papillary carcinomas comprise only 5% to 15% 
of all renal adenocarcinomas, but are characterized by a 
lower stage at presentation, slower growth, and a better 
prognosis than nonpapillary carcinomas. 


FIGURE 6.10. Renal carcinoma. A: A large tumor is seen in the left kidney. The renal vein is en- 
larged but courses in and out of the section, simulating the appearance of enlarged regional 
lymph nodes. B: Tumor thrombus is present in the inferior vena cava (arrow). 
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FIGURE 6.12. Renal carcinoma. A: A large left renal carcinoma with venous extension is seen on 
this gadolinium-enhanced T1-weighted magnetic resonance examination. B,C: Additional images 
demonstrate tumor extending up the inferior vena cava (arrow). D: The most cephalad image 
shows flowing blood in the vena cava (arrow) and defines the cephalad extent of tumor. 


Papillary tumors are less vascular than nonpapillary 
types, as seen by CT (Fig. 6.13) or angiography. They show 
less vascular enhancement and often do not have the frankly 
malignant hypervascular pattern seen with nonpapillary tu- 
mors. Calcification also is seen more commonly in papillary 
tumors, presumably reflecting slower growth. 


Bellini Duct Carcinoma 


Bellini duct carcinoma, a rare tumor that arises from the col- 
lecting duct (of Bellini) is considered a variant of renal cell 
carcinoma. Because it is usually found in the medullary por- 
tion of the kidney or renal sinus, the cortical margin is pre- 
served. The tumor is hypovascular and shows only modest 
contrast enhancement on CT (Fig. 6.14). 


Sarcomatoid Carcinomas 


Sarcomatoid renal cell carcinomas contain elements of renal 
adenocarcinoma, transitional cell carcinoma, and sarcoma. 


They occur more frequently in elderly patients, but are ra- 
diographically indistinguishable from renal adenocarci- 
noma. 


Treatment 


Surgical resection is the primary mode of therapy for pa- 
tients with renal adenocarcinoma. Most patients undergo 
radical nephrectomy, which is why the distinction between 
stage I and stage II is seldom of value other than for assess- 
ing prognosis. In this operation, the entire contents of the 
perirenal space are removed without opening Gerota’s fas- 
cia. The regional lymph nodes, paraaortic for left-sided tu- 
mors and paracaval for tumors of the right kidney, also are 
resected. Tumor extending into the renal vein and IVC of- 
ten can be removed, because this tumor is usually well-en- 
capsulated and is not attached to the vessel wall. 

Patients with stage IV disease also may be treated with 
surgical resection. This may be done as palliation or to pre- 
vent complications such as hematuria, pain, or even conges- 


FIGURE 6.13. Renal carcinoma. The homogeneous low density is 
typical of papillary adenocarcinoma. 


tive heart failure as a result of large arteriovenous fistulae. 
Occasional cases of regression of metastatic disease after re- 
moval of the primary tumor have been reported. 

With improvements in surgical techniques, nephron- 
sparing surgery is an attractive alternative to radical nephrec- 
tomy, especially in patients with a solitary kidney or a sys- 
temic disease that threatens renal function. When the tumor 
is less than 4 cm in diameter, nephron-sparing surgery results 
in an outcome equivalent to treatment with radical nephrec- 
tomy. However, nephron-sparing surgery is more difficult 
technically than radical nephrectomy and may leave tumor 
behind when the renal carcinoma is multifocal. 


FIGURE 6.14. Bellini duct tumor. A hypovascular tumor is iden- 
tified in the posterior aspect of the right kidney. Enlargement 
and low density of retrocaval lymph nodes indicate tumor exten- 
sion. 


Chapter 6: Renal Tumors 131 


Angiography also may play a valuable role in the therapy 
of renal adenocarcinoma. Presurgical embolization of the 
tumor may reduce dramatically the vascularity of the tumor, 
making resection easier by diminishing blood loss. Arterial 
embolization also can be used to treat complications in pa- 
tients who are not surgical candidates. Hematuria often can 
be stopped with embolization of particulate materials such 
as Gelfoam (Upjohn, Kalamazoo, MI) and steel coils. 
Absolute ethanol also may be used to occlude the renal 
artery. However, this should be done with an occlusion bal- 
loon to prevent reflux and unwanted damage to other ves- 
sels. 

Disease monitoring usually is performed with CT, which 
can precisely define existing disease as well as detect new 
lesions. Tumor recurrence in the renal fossa is difficult to 
recognize clinically, but is detected readily on CT (Fig. 
6.15). 


Renal Medullary Carcinoma 


In 1995, Davis and colleagues reported a previously unrec- 
ognized renal neoplasm in young black patients with sickle 
cell trait. The dominant tumor mass was in the medulla, 
with satellite lesions in the cortex. Venous and lymphatic in- 
vasion usually was present. 

The patients ranged in age from 11 to 39 years, and there 
was a male preponderance, especially among the younger 
patients. Although almost all patients had sickle cell trait, 
none had sickle cell disease. One case of renal medullary car- 
cinoma now has been reported in a white adolescent with- 
out sickle cell trait. 

The tumor arises from the caliceal epithelium, is centrally 
located, grows in an infiltrative pattern, and usually is very 
large at presentation. The renal sinus typically is invaded, 
and caliectasis without pelviectasis often is present. The 
contrast enhancement and echotexture are heterogeneous. 


FIGURE 6.15. Recurrent tumor. This follow-up enhanced com- 
puted tomography scan after nephrectomy demonstrates a mass 
(M) in the right renal fossa. 
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The differential diagnosis for lesions with this appearance 
includes an infiltrative transitional cell carcinoma, acute 
pyelonephritis, or, possibly, lymphoma. However, the clin- 
ical setting should allow the presumptive diagnosis of renal 
medullary carcinoma. 

Renal medullary carcinoma is an extremely aggressive tu- 
mor. Metastases, especially to regional lymph nodes, are 
present in most patients at presentation. Treatment is surgi- 
cal resection, but the mean survival after surgery among the 
33 reported by Davis et al. was only 15 weeks. All reported 
cases have been fatal. 


Adenoma 


These benign tumors often are confused with and may be 
difficult to distinguish from renal adenocarcinoma. Both re- 
nal adenomas and adenocarcinomas develop in the proximal 
convoluted tubule and cannot be distinguished by histo- 
logic or histochemical means. They both occur in the same 
age groups, and both show a marked male predominance. 
Many authors believe that an adenoma is a small renal car- 
cinoma that has not yet metastasized. 

Because most of these small renal adenomas are detected 
at autopsy, they have little clinical significance. However, 
when they are detected at surgery, the nomenclature used to 
describe these cortical glandular tumors implies prognostic 
significance. It may be best to describe these tumors as renal 
adenocarcinomas, but with a low likelihood of metastasis. 
Search for evidence of metastases and arranging appropriate 
follow-up may be beneficial. 


Oncocytoma 


An oncocyte is a large transformed epithelial cell that has a 
finely granular eosinophilic cytoplasm. Oncocytes increase 
in number with age and are found in a variety of organs, in- 
cluding salivary glands, thyroid, pancreas, and kidney. In 
the kidney, oncocytomas arise from the distal tubule or col- 
lecting ducts, 

Oncocytomas have a male predilection and a mean age of 
presentation in the seventh decade. They comprise approx- 
imately 5% of renal tumors. Oncocytomas most often are 
detected as an incidental finding and average more than 7 
cm in diameter. Occasionally, patients may complain of a 
flank mass, pain, or hematuria. 

The gross appearance of an oncocytoma is a well-defined 
tan to brown tumor. Oncocytomas are homogeneous and 
do not show necrosis or hemorrhage, but often contain a 
prominent central stellate scar. In contrast, renal carcinomas 
are orange-yellow and often have areas of hemorrhage and 
tumor necrosis. 

Although there are occasional reported cases of involve- 
ment of regional lymph nodes and tumor extension into the 
vein, the vast majority of oncocytomas are well-differenti- 
ated and benign. In the series reported by Lieber and 


coworkers, the actuarial survival curve for the 90 patients 
with an oncocytoma was not significantly different from an 
age- and sex-matched cohort. 

Oncocytomas can be detected as solid renal masses by ex- 
cretory urography. They are moderately vascular tumors 
and cannot be distinguished from renal adenocarcinomas. 

On CT, an oncocytoma often is well-defined with a rel- 
atively sharp interface with the normal renal parenchyma 
(Fig. 6.16). The central stellate scar is best seen with CT, 
but is not pathognomonic for an oncocytoma because it can 
be seen in renal adenocarcinoma. The initial enthusiasm for 
these criteria to distinguish an oncocytoma from a renal car- 
cinoma has waned. 


MRI reveals a low signal-intensity mass on T1-weighted 
images, which differs from the intermediate to high signal in- 
tensity often seen in renal cell carcinomas. On T2-weighted 
images, oncocytomas show a high signal intensity. 

Angiography demonstrates a vascular renal tumor with a 
dense tumor blush. A “spoke-wheel” pattern of vessels pen- 
etrating into the center of the tumor is common. Although 
this vascular configuration often is described in an oncocy- 


FIGURE 6.16. Oncocytoma. A large left renal mass (M) has a 
well-defined interface with the normal renal parenchyma. 


toma, it is not pathognomonic because it also can be seen in 
renal adenocarcinoma. 

Because an oncocytoma cannot be reliably diagnosed ra- 
diographically, treatment is surgical. If typical radiographic 
features of an oncocytoma, such as a central stellate scar and 
a spoke-wheel, vascular pattern are present, an oncocytoma 
may be suggested. However, neither appearance is pathog- 
nomonic, and surgery is required (Fig. 6.17). Alerting the 
surgeon to the possible diagnosis of oncocytoma may en- 
courage inspection and biopsy or local excision. Thus, more 
normal renal parenchyma may be preserved than if the more 
radical formal nephrectomy is performed. 


Wilms’ Tumor 


Wilms’ tumor (nephroblastoma) arises from metanephric 
blastema and most commonly is found in young children; 50% 
of cases are diagnosed in patients younger than 2 years of age, 
and 75% of cases are diagnosed in patients younger than 5 years 
of age. There is no sex predilection, but there is a high associa- 
tion with several malformation syndromes. 

Wilms’ tumor develops in approximately one third of chil- 
dren with sporadic aniridia. Patients with aniridia and Wilms’ 
tumor present at an earlier age and more frequently have bilat- 
eral tumors than patients with Wilms’ tumor in general. An 
anomaly localized to the short arm of chromosome 11 has been 
found in 33% of patients with aniridia and Wilms’ tumor. 

Patients with hemihypertrophy have an increased incidence 
of nephroblastomas, adrenal cortical neoplasms, and hepatoblas- 
tomas. The side of hypertrophy and the tumor are unrelated. 

In 1970, Drash reported the association of male pseudo- 
hermaphroditism, glomerulonephritis, and Wilms’ tumor. The 
components of this syndrome may not occur at the same time. 
Thus, the development of any two should alert physicians to the 
possibility of the third component arising. 

The Beckwith-Wiedemann syndrome also is related to 
Wilms’ tumor. This syndrome, comprising macroglossia, om- 


FIGURE 6.17. Renal carcinoma with oncocytic changes. The well- 
defined margins of this left renal mass suggest a benign etiology. 
Pathology revealed a renal carcinoma with oncocytic changes. 
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phalocele, adrenal cytomegaly, and visceromegaly, often in- 
cludes a proliferation of nephrogenic blastema (from which 
Wilms’ tumors develop). Other anomalies including micro- 
cephaly, malformed ears, a variety of genitourinary anomalies 
(e.g., horseshoe kidneys), and developmental retardation also 
are associated with Wilms’ tumor. 


WILMS’ TUMOR ASSOCIATIONS 


m Sporadic aniridia 

m Hemihypertrophy 

m DRASH syndrome 

m Beckwith-Wiedemann syndrome 


Wilms’ tumor usually is a mixed tumor containing ep- 
ithelial, blastemal, and stromal elements. The nonepithelial 
elements may differentiate into striated muscle, adipose, 
cartilage, or bone. This may explain the rare case in which 
the detection of fat may cause confusion with an angiomy- 
olipoma. There usually is a pseudocapsule that separates the 
tumor from the rest of the kidney. 

Most children with Wilms’ tumor present with a palpa- 
ble abdominal mass. Abdominal pain, anorexia, fever, and 
hypertension also are commonly present. Gross hematuria 
occurs in less than 10% of cases. 

Wilms’ tumors are usually large (averaging 12 cm) by the 
time they are detected. Because they develop in the renal 
cortex, much of the tumor growth may be exophytic. Thus, 
the splaying of the collecting system seen with intrarenal 
masses may not be present. However, the large size of these 
tumors makes them more readily detected. The expansile 
tumor mass compresses the normal kidney, but maintains a 
relatively sharp margin. 

Ultrasound has become the preferred examination for 
young children presenting with an abdominal mass (Fig. 
6.18). The solid nature and renal origin of the tumor mass 
can be determined. Most tumors will be hypoechoic to hy- 
perechoic solid masses, are usually well-defined, and may be 
demarcated from the normal parenchyma by a tumor pseu- 
docapsule or compressed renal cortex. 

Hypoechoic areas within the tumor may represent re- 
gions of hemorrhage or tissue necrosis. Dystrophic calcifica- 
tion is uncommon, but may cause hyperechoic foci with 
shadowing when it occurs. Ultrasound also is useful in de- 
tecting tumor extension into the renal vein or [VC and for 
identifying hepatic metastases. The renal vein may be diffi- 
cult to image, but identification of tumor thrombus in the 
IVC is of greater importance. The surgeon can examine the 
renal vein during surgery, but the extent of tumor thrombus 
determines the operative approach. Color flow Doppler ul- 


trasound is especially useful in detecting tumor thrombus in 
the IVC. 
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FIGURE 6.18. Wilms’ tumor. A: On ultrasound, a large solid tumor (W) is detected in the upper 
pole of the left kidney. B: Splaying of the renal parenchyma and distortion of the collecting sys- 
tem on computed tomography confirm its renal origin. 


The paucity of retroperitoneal fat in young children 
makes CT evaluation of Wilms’ tumor more difficult than 
adult renal neoplasms. Furthermore, the ionizing radiation 
and need for intravenous contrast medium makes this ex- 
amination less desirable than ultrasound in children. 

Wilms’ tumor is seen as a large mass that enhances less 
than the normal renal parenchyma. The degree of hetero- 
geneity depends on the presence of tissue necrosis or hem- 
orrhage. The tumor mass is usually large, causing compres- 
sion of the remainder of the kidney (Fig. 6.19). 

CT is valuable, however, in contributing to the staging 
evaluation and in providing precise delineation of the size of 
the tumor mass. CT with contiguous narrow collimation (5 
mm) is superior to ultrasound in detecting local invasion of 
the Wilms’ tumor into adjacent lymph nodes or muscle. It 
also is useful in evaluating the contralateral kidney when ip- 
silateral nephrectomy is contemplated. 

Arteriography is seldom necessary to evaluate patients 
with Wilms’ tumor. The tumors are moderately vascular, 


FIGURE 6.19. Wilms’ tumor. A huge Wilms’ tumor is obstructing 
the collecting system. Bulky lymph node metastases are present. 


with splaying of intrarenal branches. Neovascularity is com- 
mon and areas of vascular puddling may be seen. The an- 
giographic appearance is not specific and is not helpful in 
making the diagnosis, other than confirming the presence of 
a vascular mass. 

Magnetic resonance imaging (MRI) appears to be no 
more valuable in Wilms’ tumor than in adult renal neo- 
plasms. Although ionizing radiation is spared, the children 
require sedation and monitoring to undergo an MRI exam- 
ination. The most promising application of MRI is in defin- 
ing the venous extent of tumor, but it also may prove to be 
useful in detecting hepatic metastases. 

The most common sites for metastases are the lung and 
liver. Involvement of the adjacent retroperitoneum, the 
peritoneum, or mediastinum is not uncommon. 

Approximately 5% of patients have bilateral renal involve- 
ment (stage V). These patients usually present at a younger 
age and the tumors may be synchronous or metachronous. 
Patients at increased risk for bilateral involvement include 
those with a family history of Wilms’ tumor, multifocal le- 
sions in the index kidney, nephroblastomatosis, and those 
with other associated congenital anomalies. 

Improved accuracy in staging has allowed more specific 
therapy and has resulted in improved survival. Tumor stag- 
ing is similar to renal adenocarcinoma (Table 6.3). 


TABLE 6.3. STAGING WILMS’ TUMOR 


Stage Disease Extent 


l Limited to kidney 
It Extends beyond kidney but is completely resected 
Ul Residual nonhematogenous tumor confined to the ab- 


domen 
IV Hematogenous metastases to lung, liver, bone, or brain 
V Bilateral renal involvement 


Rhabdoid Tumor 


Rhabdoid tumor of the kidney (RTK) is an uncommon 
childhood tumor. Originally considered a sarcomatoid vari- 
ant of Wilms’ tumor, RTK is now recognized as a distinct 
pathologic entity. Patients with RTK have a median age at 
presentation of only 11 months, less than those with Wilms’ 
tumor. There is a strong association of RTK with a second 
primary malignancy of the central nervous system such as 
astrocytoma, ependymoma, or primitive neuroectodermal 
tumor. Metastases from RTK to the brain are common. 


Nephroblastomatosis 


Nephroblastomatosis is a group of pathologic entities char- 
acterized by persistent nephrogenic blastema. It results from 
an arrest in normal nephrogenesis, with persistence of resid- 
ual blastema. Although nephroblastomatosis is not malig- 
nant, it is associated with Wilms’ tumor and those condi- 
tions with a high incidence of Wilms’ tumor. 
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Nephroblastomatosis may be diffuse, or more com- 
monly, multinodular. The radiographic features are depen- 
dent on the size and distribution of the embryologic rem- 
nants. The lesions in the multifocal form usually are 
microscopic nodules and are difficult to image. In the dif- 
fuse form, the kidneys are enlarged and the collecting system 
may be deformed by parenchymal nodules. 

The lesions often are hypoechoic, but also may be isoe- 
choic or hyperechoic. Their subcapsular location suggests 
nephroblastomatosis and helps to distinguish this condition 
from polycystic renal disease or lymphoma. This distribu- 
tion also is seen on CT. Nephroblastomatosis is clearly dis- 
tinguished from normal renal tissue by the difference in 
contrast enhancement (Fig. 6.20). 

Typical angiographic features include a normal-caliber 
main renal artery. Peripheral nodules are hypovascular and 
do not blush with contrast, and the kidney has a scalloped 
appearance. 

Patients with nephroblastomatosis are at increased risk of 
developing Wilms’ tumor. Many are treated with antineo- 


FIGURE 6.20. Nephroblastomatosis. A: A lobulated kidney with 
indistinct corticomedullary junction is seen on ultrasound. B: A 
Wilms’ tumor (W) is seen as a hypoechoic mass in the lower pole. 
C: On computed tomography, the diffuse confluent nephroblas- 
tomatosis is clearly demarcated from the functioning renal 
parenchyma. (From Fernback SK, Feinstein KA, Donaldson JS, et 
al. Nephroblastomatosis: comparison of CT with US and urogra- 


phy. Radiology 1988;166: 153, with permission.) 
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plastic drugs, which often decrease the renal size. However, 
such patients remain at risk and should be followed to de- 
tect the subsequent development of a Wilms’ tumor. 


Mesoblastic Nephroma 


This benign tumor usually is present at birth and has been 
described as a congenital Wilms’ tumor or fetal mesenchy- 
mal hamartoma. Mesoblastic nephromas are composed of 
interlacing sheets of fibromatous cells. Small bundles of 
these fibromatous cells are characteristically found diffusely 
interspersed in the adjacent renal parenchyma. 

The tumor is large, averaging over 6 cm in diameter, and 
often replaces almost the entire renal parenchyma. The cut 
surface has a whorled appearance resembling leiomyoma of 
the uterus. It is not encapsulated, and finger-like extensions 
of the tumor may penetrate the adjacent kidney. Although 
the tumor may penetrate the capsule and may involve the 
perinephric space, it rarely extends into the renal vein or re- 
nal pelvis. Cases with a low grade of malignancy have been 
reported and may be confused with Wilms’ tumor. 

Patients with mesoblastic nephroma typically present 
with a nontender abdominal mass. It is detected at birth or 
the first few months of life, and there is no sexual predilec- 
tion. 

If urography is performed, a large mass replacing most of 
the ipsilateral kidney will be seen. Calcification is uncom- 
mon. 

Ultrasound is the most commonly used modality in the 
evaluation of these patients. The most common pattern, ho- 
mogeneously echoic, reflects the smooth mass of fibroma- 
tous cells. Occasionally, hyperechoic foci are seen. Although 
uncommon, areas of necrosis or hemorrhage are readily de- 
tected as hypoechoic regions. A fairly uniform, solid, in- 
trarenal mass has been reported on CT. Angiography may 
occasionally be needed for preoperative evaluation. Most 
mesoblastic nephromas are moderately vascular and demon- 
strate tumor vascularity. 

Treatment is by surgical excision, and cure is usually 
achieved with nephrectomy. In some patients, extensive tu- 
mor necrosis, extrarenal infiltration, and mesenchymal im- 
maturity suggest more aggressive behavior of the tumor. In 
these patients, who usually present beyond 3 months of age, 
adjunctive chemotherapy or radiation therapy may be given. 


MESENCHYMAL TUMORS 
Angiomyolipoma 


These hamartomatous tumors are composed of mature adi- 
pose tissue, thick-walled blood vessels, and sheets of smooth 
muscle. The amount of each component varies in each tu- 
mor. Approximately 5% of angiomyolipomas have insuffi- 
cient fat to be recognized on CT and cannot be distin- 
guished from renal carcinoma. 


Angiomyolipomas more often are found in women than 
in men, and the mean age at presentation is 41 years. Most 
patients are asymptomatic, however, intrarenal or perirenal 
hemorrhage may cause flank pain. Hematuria and hyper- 
tension occasionally are reported. 


ANGIOMYOLIPOMA 
(SPORADIC) 


m Solitary 
m Unilateral 
w Female predilection 


A strong association exists between angiomyolipomas 
and tuberous sclerosis. However, sporadic angiomyolipo- 
mas are being recognized with increasing frequency on cross 
sectional imaging examinations. Although 80% of patients 
with tuberous sclerosis have an angiomyolipoma, less than 
40% of patients with an angiomyolipoma have an element 
of the tuberous sclerosis complex. 

Tuberous sclerosis, or Bourneville’s disease, is caused by 
an autosomal-dominant gene with variable expressivity. 
Only approximately 50% of patients with tuberous sclerosis 
have family members with one or more manifestations of 
the disease. The tuberous sclerosis syndrome includes 
epilepsy, mental retardation, and various hamartomas. In 
addition to renal angiomyolipomas and multiple renal cysts, 
patients often develop retinal phakomas and cerebral 
hamartomas. Adenoma sebaceum may be seen in the malar 
areas of the face. In some patients, the clinical syndrome is 
incompletely manifest. 

Among patients with tuberous sclerosis, the angiomy- 
olipomas usually are multiple and bilateral. In patients with- 
out tuberous sclerosis, the tumors usually are solitary. The 
female predilection seen in sporadic angiomyolipomas does 
not occur in patients with tuberous sclerosis. The angiomy- 
olipomas associated with tuberous sclerosis occur at a 
younger age and tend to be larger in size than the sporadic 
lesions. As the spatial resolution of CT and ultrasound con- 
tinues to improve, tiny angiomyolipomas are being detected 
in asymptomatic patients as incidental findings. 


ANGIOMYOLIPOMA 
(TUBEROUS SCLEROSIS) 


m Multiple 
m Often bilateral 
m No gender predilection 


Lymphangiomyomatosis is an idiopathic disease that oc- 
curs in young women consisting of smooth muscle hamar- 


FIGURE 6.21. Angiomyolipoma. The highly echogenic pattern 
(arrow) is typical of an angiomyolipoma. 


tomas along the lymphatic system. It most commonly in- 
volves intrathoracic lymphatics, but abdominal involvement 
can be extensive. Lymphangiomyomatosis is considered by 
many to be a forme fruste of tuberous sclerosis. Renal hamar- 
tomas are found in approximately 15% of patients with 
lymphangiomyomatosis. 

Plain abdominal radiographs may demonstrate a rela- 
tively lucent mass if there is a large fatty component to the 
tumor. Calcification is seldom seen, but may be caused by 
previous hemorrhage. Urography may demonstrate a renal 
mass. However, the urogram often is unrevealing, because 
the tumors frequently have an exophytic growth pattern. 

The typical ultrasonographic finding of a highly 
echogenic renal mass (Fig. 6.21) depends on the fat content 
of the tumor. If there is relatively little fat, the ultrasono- 
graphic pattern will be indistinguishable from other renal 
masses. Even the very echogenic appearance occasionally 
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can be mimicked by renal adenocarcinoma. If there has been 
hemorrhage, sonolucent areas may be seen. 

The most reliable imaging modality for angiomyolipoma 
is CT. The detection of a renal mass of fat density makes the 
diagnosis of angiomyolipoma highly likely (Fig. 6.22). 
Although a Wilms’ tumor, oncocytoma, metastasis, and re- 
nal adenocarcinoma have all been reported with macro- 
scopic fat demonstrable in the tumor mass, these are rare oc- 
currences. When fat is seen with renal carcinoma, it is a 
result of either a large tumor that engulfs perinephric fat or 
to osseous metaplasia where calcifications are present. Since 
angiomyolipomas do not calcify, the presence of calcifica- 
tion should suggest renal carcinoma, even when fat is iden- 
tified. Both lipomas and liposarcomas also may be fatty den- 
sity, and thus are indistinguishable from an 
angiomyolipoma by imaging techniques; however, they are 
very rare renal tumors. Because some angiomyolipomas 
contain little or no fat, the absence of fat does not exclude 
the diagnosis of angiomyolipoma. Angiomyolipomas with- 
out detectable fat are homogenous tumors with attenuation 
higher than normal renal parenchyma. They demonstrate 
homogeneous enhancement after the intravenous adminis- 
tration of contrast material. 

CT examination of a fatty renal mass must be performed 
carefully to avoid volume-averaging adjacent perinephric fat 
and a false low-density reading. In small tumors, narrow col- 
limation is essential. Lesions smaller than 1 cm are com- 
monly seen in the kidneys during enhanced CT examina- 
tions of the abdomen. These lesions are often cysts, but are 
too small for adequate analysis and are considered indeter- 
minate. However, rescanning through these lesions with 
narrow collimation, such as 1.5-mm sections, may demon- 
strate the fatty component and may allow the diagnosis of 
angiomyolipoma. The presence of multiple angiomyolipo- 
mas or associated renal cysts suggests tuberous sclerosis (Fig. 


FIGURE 6.22. Angiomyolipoma. A: A large echogenic mass (arrow) is seen in the upper pole of 
the left kidney. B: This mass is seen to be fatty on computed tomography (CT). 
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6.23). Patients with tuberous sclerosis may have intrahep- 
atic angiomyolipomas as well. 

MRI also can detect fat within an angiomyolipoma. A 
high signal intensity is seen on both T1- and T2-weighted 
images. When clearly imaged, MRI should have the same 
accuracy as CT in diagnosing an angiomyolipoma. 
However, MRI probably is not as sensitive as CT in detect- 
ing fat in small tumors. 

Arteriography may demonstrate tortuous, almost 
aneurysmally dilated vessels. Vascular encasement found in 
malignant tumors is not present in angiomyolipomas. 
Arteriography may be helpful in defining the vascular sup- 
ply to tumors in which local resection is planned. Growth of 
angiomyolipomas usually is expansile, but venous extension 
into the IVC has been reported. 

Treatment of angiomyolipomas traditionally has been 
surgical. This reflects the predominance of symptomatic 
and large lesions detected. Because a benign diagnosis can be 
made with confidence, tumorectomy or partial nephrec- 
tomy is appropriate. When angiomyolipomas, especially 
small lesions, are detected in asymptomatic patients, no 
therapy is needed. Should hemorrhage occur, surgery or 
catheter embolization may be performed. Selective arterial 
embolization also may be performed in patients with large 
tumors not amenable to partial nephrectomy. Some investi- 
gators, however, recommend elective exploration with re- 
nal-sparing surgery, as there is a slightly increased incidence 
of renal adenocarcinoma in patients with an angiomy- 
olipoma. 


Fibrous Tumors 


Fibromas are usually small tumors that occur more fre- 
quently in the renal medulla than in the renal cortex. 
Although occasionally large enough to cause symptoms, 
most fibromas are detected as incidental findings at autopsy 


FIGURE 6.23. Angiomyolipoma. Multiple fatty-density renal le- 
sions are seen in this patient with tuberous sclerosis. 


and are not imaged ante mortem. Fibrosarcomas are rare tu- 
mors that usually develop in the renal capsule. 


Osteosarcoma 


This tumor is rarely a primary renal neoplasm, but may arise 
from a fibrosarcoma undergoing metaplasia to tumor osteo- 
cytes. Diagnosis is based on the presence of formed bone. 
The main differential diagnosis is a metastasis to the kidney 
from a primary skeletal osteosarcoma. The age of the patient 
helps with this distinction, because patients with primary re- 
nal osteosarcoma are usually elderly, whereas primary skele- 
tal osteosarcomas occur in adolescents and young adults. 


Lipoma 


Intrarenal lipomas are rare tumors that are usually small and 
seldom symptomatic. All but 1 of the 18 cases reviewed by 
Dineen and colleagues involved middle-aged women. They 
should be detected easily by CT, but may not be distin- 
guishable from an angiomyolipoma. 


Leiomyoma and Leiomyosarcoma 


Smooth muscle tumors may arise from vessel walls or scat- 
tered muscle fibers of the renal capsule, and most are found 
in the lower poles. Most leiomyomas are small and asymp- 
tomatic. There is a female preponderance and an increased 
incidence in patients with tuberous sclerosis. 

Leiomyosarcomas are usually large and locally invasive by 
the time they become clinically apparent. These tumors 
tend to metastasize widely, and the prognosis for patients is 
poor. Treatment is surgical resection and focal recurrence is 
common. 


Malignant Fibrous Histiocytoma 


Although malignant fibrous histiocytoma (MFH) is com- 
mon elsewhere in the body, it is rarely seen as a primary re- 
nal tumor. It has been reported in patients ranging from 13 
to 68 years of age. Symptoms are nonspecific, and most tu- 
mors are large by the time they are detected. Common 
metastatic sites include liver, lung, and bone. Local recur- 
rence is common, and the prognosis is poor. 


Hemangioma 


Hemangiomas are uncommon renal tumors of endothelial 
cells and capillary-sized vessels. If the vessels are dilated, the 
tumor may be called a cavernous hemangioma. The tumors 
usually are small, ranging from several millimeters to 5 cm 
in diameter, and are most frequently located at the apex of 
the renal pyramids. 

The most common presenting complaint is hematuria, 
and some patients may experience colicky pain from passage 


of blood clots. Men and women are affected equally and 
present most often during the third or fourth decade. 

The plain radiograph and urogram usually are normal, 
although sometimes a small defect can be appreciated in the 
urothelium. The lesions usually are too small to be detected 
by ultrasound or CT. 

Selective renal angiography is the most useful modality in 
the diagnosis of these small vascular tumors. The ipsilateral 
renal artery is not usually enlarged. A dense tangle of vessels 
that may allow arteriovenous shunting is seen. Because these 
endothelial-lined spaces lack contractile elements, they do 
not react to vasoactive stimuli. Thus, vasoconstrictive drugs 
may improve the diagnostic capability by constricting nor- 
mal renal arteries and by shunting contrast into the heman- 
gioma. 

Treatment traditionally has been surgical for symp- 
tomatic lesions. However, transcatheter ablation should be 
effective therapy and may minimize loss of renal tissue. 


Juxtaglomerular Tumors 


Robertson first described this tumor of the juxtaglomerular 
apparatus in 1967. Although a rare tumor, it is a curable 
cause of significant hypertension. Patients with juxta- 
glomerular tumors (reninomas) are usually younger than 
those with essential hypertension, and there is a marked fe- 
male preponderance. 

The juxtaglomerular tumor is composed. of small uni- 
form cells with little nuclear pleomorphism or mitotic ac- 
tivity. The presence of renin can be confirmed with an im- 
munofluorescence antibody test. Juxtaglomerular cells are 
similar to smooth muscle and may be difficult to distinguish 
from hemangiopericytomas. 

Juxtaglomerular tumors range from 3 to 7 cm in diame- 
ter when they are detected. The tumors are benign; local in- 
vasion or distant metastases have not been reported. 

Patients usually present with symptoms of moderate to 
severe hypertension. Elements of secondary aldosteronism 
such as hypokalemia also may be present. Rarely, acute flank 
pain, hypotension, or anemia may reflect hemorrhage from 
the tumor. 

The plain abdominal radiograph is unrevealing, because 
juxtaglomerular tumors are not calcified. Excretory urogra- 
phy can demonstrate a mass in the majority of cases. The tu- 
mor often is peripheral in location and may not distort the 
collecting system unless it is quite large. 

Sonography reveals an echogenic mass owing to the 
abundant small vascular channels within the tumor. This is 
most helpful in distinguishing the tumor from a cortical 
cyst. 

The CT findings are nonspecific, because a juxta- 
glomerular tumor can not be distinguished from most other 
solid neoplasms. Contrast enhancement is necessary, be- 


cause the tumor is isodense with normal renal parenchyma. 
(Fig. 6.24). 
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FIGURE 6.24. Juxtaglomerular tumor. A hypovascular mass is 
seen in the right kidney on this contrast-enhanced computed to- 
mography (CT) examination.(From Dunnick N. Image interpreta- 
tion session: 1999. RadioGraphics 2000;20: 257-278, with permis- 
sion.) 


Arteriography often is performed in patients with juxta- 
glomerular tumors. Many patients undergo aortography to 
look for stenosis of the main renal artery. It is essential, how- 
ever, to study both kidneys as well as the main renal arteries 
to detect these tumors. Despite the abundant vascular 
spaces, juxtaglomerular tumors are hypovascular. Thus, se- 
lective renal arteriography should be performed even if aor- 
tography is normal. 

A small amount of tumor vascularity often can be appre- 
ciated, but splaying of adjacent vessels by a hypovascular 
mass is the most obvious finding. The nature of the tumor 
can be confirmed by measuring selective renal-vein renin 
levels. 

Treatment of juxtaglomerular tumors is surgical. Since 
the tumors are benign, local tumorectomy or partial 
nephrectomy often is performed to preserve as much normal 
renal parenchyma as possible. 


RENAL PELVIS TUMORS 


Most of the tumors arising from the renal pelvis are ma- 
lignant, and transitional cell carcinomas are the most com- 
mon type. Less often, squamous cell, undifferentiated, or 
adenocarcinomas may occur. Papillomas comprise approxi- 
mately 50% of the benign tumors, and the remaining 50% 
consist of angiomas, fibromas, myomas, or polyps. 


Transitional Cell Carcinoma 


Primary tumors of the renal pelvis are relatively uncommon, 
as they comprise less than 10% of renal tumors. The most 
common tumor, transitional cell carcinoma, occurs twice as 
often in men than women and peaks in occurrence in the 
seventh decade. 


140 Textbook of Uroradiology 


Transitional cell carcinoma may occur anywhere along 
the urothelium. The incidence of carcinoma is roughly pro- 
portional to the surface area. For every 50 bladder tumors, 
there are three transitional cell carcinomas in the renal 
pelves or intrarenal collecting systems and one tumor in the 
ureters. 

Metabolites of aminophenols may cause carcinoma of 
the renal pelvis, ureter, or bladder. The incidence of renal 
pelvic carcinoma is increased markedly in patients who con- 
sume large amounts of phenacetin, which is metabolized to 
aminophenol. Similarly, acrolein, a metabolite of cy- 
clophosphamide, is excreted in the urine and is toxic to the 
urothelium. Infection with Schistosoma hematobium is asso- 
ciated with squamous cell carcinoma of the bladder or 
ureter, but the parasite does not usually reach the renal 
pelvis. An increased incidence of carcinoma of the renal 
pelvis is seen in patients with Balkan nephropathy. 

Transitional cell carcinomas may be flat or papillary, and 
approximately 20% also contain metaplastic squamous 
changes. Papillary carcinomas are more common, tend to be 
of low-grade malignancy, and have a relatively benign 
course. Nonpapillary tumors (including squamous cell car- 
cinoma) tend to be flat and may be more difficult to detect 
radiographically. These tumors are generally of high-grade 
malignancy and spread by direct extension as well as lym- 
phatic and hematogenous metastases. Multicentric lesions 
are seen in approximately 30% of renal pelvic carcinomas 
and are even more common among transitional cell carci- 
nomas of the bladder. 

Hematuria is the most common presentation, occurring 
in approximately 80% of patients. Flank pain, dysuria, and 
abdominal mass or pyuria are infrequent. Obstruction of 
the collecting system may be caused by the tumor mass, 
sloughed pieces of tumor, or blood clot. 

The plain abdominal radiograph usually is unrevealing 
because transitional cell carcinomas rarely are calcified. It is 
important, however, to exclude a radiopaque renal stone 
that may be the etiology of a filling defect seen with urogra- 
phy. During excretory urography or retrograde pyelogra- 
phy, the tumor is seen as a filling defect arising from the wall 
of the renal pelvis (Fig. 6.25). Transitional cell carcinomas, 
especially nonpapillary types, may be flat. Papillary tumors 
often grow in a frond-like pattern that allows contrast 
medium into the interstices of the tumor. 

If the tumor has obstructed the ureteropelvic junction or 
an infundibulum, the entire collecting system or a calyx may 
be dilated and may display diminished opacification. 
Retrograde pyelography may reveal an “amputated” 
(nonopacified) calyx (Fig. 6.26) or a completely obstructed 
proximal ureter. 

An intraluminal filling defect must be distinguished from 
the smooth extrinsic compression defect of crossing vessels. 
A sloughed papillae or fungus ball (mycetoma) should be 
detected by radiographic evidence of papillary necrosis or by 
the clinical findings of fungus infection. One common 


FIGURE 6.25. Transitional cell carcinoma. An irregular filling de- 
fect involves the upper-pole infundibulum and calyces. 


problem is distinguishing a renal pelvic tumor from a radi- 
olucent stone such as a urate calculus. This can be accom- 
plished easily with CT because even uric acid stones are 
much more dense than soft tissue tumors. 


INTRALUMINAL FILLING DEFECT 


Common 

m Transitional cell carcinoma 
mw Lucent stone 

m Blood clot 


Uncommon 

m Benign urothelial tumor 
m Sloughed papilla 

m Mycetoma 


Ultrasound is not used routinely to evaluate patients with 
renal pelvic tumors, but it can distinguish them from the 
highly echogenic appearance of renal stones. A transitional 
cell carcinoma may be detected as a soft tissue mass within 
the lumen of the collecting system. 

Transitional cell carcinomas have a density greater than 
water but slightly less than normal renal parenchyma on un- 
enhanced CT. Their density of 5 to 30 HU is less than 
blood clots, which typically range from 50 to 75 HU, and 
stones, which are always greater than 100 HU. Transitional 
cell carcinomas enhance with intravascular contrast admin- 
istration, but to a much lesser degree than the parenchyma. 
It may be difficult to image small renal pelvic tumors with 


FIGURE 6.26. Transitional cell carcinoma. The iower-pole col- 
lecting system does not fill (“amputated”) on this retrograde 
pyelogram. (From Amis ES Jr, Newhouse JH. Essentials of 
Uroradiology. Boston: Little, Brown and Company; 1991, with 
permission). 


CT, but larger lesions are well-defined after intravenous 
contrast injection (Fig. 6.27). They are seen as soft tissue 
masses causing filling defects in the collecting system. The 
greatest contribution of CT in this setting is the identifica- 
tion of renal stones that are not sufficiently opaque to be 
seen on the plain abdominal radiograph. 

Large or advanced transitional cell carcinomas may be 
difficult to distinguish from renal carcinomas. Transitional 
cell carcinomas compress the adjacent renal sinus fat. When 
they invade the renal parenchyma, the reniform shape of the 
kidney is still preserved. 


FIGURE 6.27. Transitional cell carcinoma. A soft tissue mass in 
the left renal pelvis is defined after intravenous contrast injec- 
tion. 
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Preoperative staging of transitional cell carcinoma is an 
important aspect of determining whether or not the tumor 
can be locally resected. Because the tumors tend to be mul- 
tifocal, renal sparing surgery is desirable. Reconstructed CT 
data sets to provide three-dimensional images may be help- 
ful to the urologist. CT is useful in detecting regional inva- 
sion and lymph node metastases if the nodes are enlarged. 
Metastases to normal-sized lymph nodes cannot be detected 
by CT. 

Although transitional cell carcinomas can be imaged with 
MRI, this modality has little role in either detecting or stag- 
ing these neoplasms. The MR findings of transitional cell 
carcinoma are similar to those of other renal tumors, with an 
increased signal intensity on T2-weighted images. However, 
small lesions may be missed, especially if there is motion ar- 
tifact. 

Angiography is seldom used to diagnose or evaluate renal 
pelvic tumors. Transitional cell carcinomas usually are hy- 
povascular, but neovascularity and encasement may be seen. 
Invasion of the main renal vein and/or IVC is uncommon. 

Percutaneous biopsy of a suspected transitional cell carci- 
noma should be performed only after other methods of con- 
firming the diagnosis have been done. Transitional cell car- 
cinoma has a tendency to spread by surface shedding and 
may seed the track of a percutaneous biopsy or percutaneous 
nephrostomy. 

Treatment of transitional cell carcinoma of the renal 
pelvis is nephroureterectomy. Because these tumors often 
are multifocal, the rest of the urothelium must be examined 
closely for additional tumors. The entire ipsilateral ureter 
and a cuff of bladder must be removed, because the distal 
ureter is a common site for recurrent disease. 


Squamous Cell Carcinoma 


Squamous cell carcinomas constitute only 0.5% to 8% of 
tumors of the renal pelvis. They are frequently associated 
with leukoplakia or chronic irritation from stones or urinary 
tract infection. In some series, the vast majority of patients 
have associated renal stones. Squamous cell carcinomas are 
also associated with schistosomiasis when there is involve- 
ment of the upper urinary tracts. Most are flat, extend along 
the urothelium, and ulcerate. 

Squamous cell carcinomas of the kidney may arise in the 
intrarenal collecting system or renal pelvis. Hydronephrosis 
is common when the tumor is centrally located. Although 
multifocal lesions are less common than with papillary 
types, squamous cell carcinomas tend to be high-grade ma- 
lignancies, and local invasion is common. The presence of 
renal stones or infection makes these tumors difficult to rec- 
ognize. The prognosis of patients with these tumors is poor. 

Radiographically, squamous cell carcinomas are difficult 
to detect. A renal stone often is present and an associated 
mass may be indistinguishable from xanthogranulomatous 
pyelonephritis. 
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SECONDARY TUMORS OF THE KIDNEY 
Lymphoma 


Because the kidneys do not contain lymphoid tissue, pri- 
mary renal lymphoma is rare. However, the kidneys may be- 
come involved by hematogenous dissemination or direct ex- 
tension from adjacent retroperitoneal disease. Thus, renal 
lymphoma usually is part of a generalized process involving 
multiple sites. 

Renal involvement is much more common in 
non-Hodgkin’s lymphomas than in Hodgkin’s disease. 
When present, involvement more often is bilateral than uni- 
lateral. At presentation, involvement of the kidneys by 
non-Hodgkin’s lymphoma is seen in 5.8% of cases; at au- 
topsy, the frequency of renal involvement increases to 
41.6%. 

Renal involvement is more frequent among certain sub- 
groups of non-Hodgkin’s lymphoma. Poorly differentiated 
Burkitt’s lymphoma often is described as an extranodal tu- 
mor, and the kidneys are affected in approximately 10% of 
cases at presentation. CT found AIDS-related lymphomas 
to involve the kidneys in 11% of patients in one recent se- 
ries. 

Renal lymphoma is more common among patients with 
immune deficiencies, including those with AIDS. The inci- 
dence of renal lymphoma has increased among patients with 
graft-versus-host disease, iatrogenic immunosuppression, 
and renal transplantation, in whom it is 350 times more fre- 
quent than in the general population. 

Most patients with renal lymphoma have disease in other 
locations that dominates the clinical presentation. Fever, 
weight loss, and palpable adenopathy are common com- 
plaints. Occasionally, diffuse involvement of both kidneys 
or ureteral obstruction by adenopathy may compromise re- 
nal function. Renal lymphoma usually is clinically silent and 
occurs late in the course of the disease. 

Renal lymphoma may have several different appearances. 
Multiple lymphomatous masses are the most common and 
are seen in more than 50% of cases of renal lymphoma. A 
solitary mass or diffuse infiltration of the kidney by lym- 
phoma also may be seen. Although most renal lymphoma 
has spread by hematogenous dissemination, CT may 
demonstrate local extension from paraaortic disease in some 
cases. 

The plain abdominal radiograph seldom is revealing. 
Lymphadenopathy or renal enlargement occasionally may 
be detected in patients with abundant retroperitoneal fat. 
Excretory urography may demonstrate diffuse renal enlarge- 
ment or one or more discrete renal masses. If there is exten- 
sive involvement, there may be delayed contrast excretion or 
even absent renal function. Lymphadenopathy may cause 
obstruction anywhere from the ureter to the renal pelvis. 
Bulky lymphadenopathy often will displace the ureters. 
Because the proximal ureters lie lateral to the paraaortic 
lymph nodes, they are displaced laterally. The distal ureters 


are pushed medially, since the external iliac lymph nodes are 
lateral to the ureters. 

On ultrasound, lymphoma may be seen as a mass bulging 
from the renal contour (Fig. 6.28). Lymphoma is usually 
hypoechoic, reflecting the homogeneous nature of the tu- 
mor (Fig. 6.29). However, a lymphomatous mass shows lit- 
tle sound through transmission, which helps to distinguish 
it from a cyst. Ultrasound often is helpful in identifying hy- 
dronephrosis and is the examination of choice in patients 
with renal failure or other contraindications to intravenous 
contrast media. 

CT routinely is used to stage and monitor patients with 
malignant lymphoma and is an excellent method of detect- 
ing renal involvement. Lymphomatous masses are homoge- 
neous and rounded. Renal lymphoma is difficult to detect 
on unenhanced examinations unless the masses are large. 
After intravenous contrast administration, lymphoma usu- 
ally is well-demarcated from the normal parenchyma by its 
diminished enhancement (Fig. 6.30). The CT pattern re- 
flects the pathologic involvement as a solitary mass, multi- 
ple nodules, or diffuse involvement. Adjacent lym- 
phadenopathy and direct tumor extension to the kidney also 
are well depicted with CT (Fig. 6.31). Renal or perirenal in- 
volvement (Fig. 6.32) without evidence on CT of other 
retroperitoneal disease is common. 


RENAL LYMPHOMA 


m Multiple cortical nodules 
m Diffuse infiltration 

m Single mass 

m Direct extension from extrarenal disease 


MRI seldom is needed in the evaluation of renal lym- 
phoma. Lymphomatous masses have a medium signal in- 
tensity on Tl-weighted sequences and a high intensity on 


FIGURE 6.28. Lymphoma. A relatively hypoechoic mass (arrow- 
heads) is seen in the right kidney. 


FIGURE 6.29. Lymphoma. On ultrasound, a hypoechoic mass (L) 
is seen in the posterior aspect of the right kidney. 


T2-weighted sequences. With diffuse infiltration, there is 
loss of the corticomedullary junction. 


Leukemia 


Kidney involvement in patients with leukemia usually is be- 
cause of diffuse infiltration by leukemic cells. It occurs more 
often with lymphocytic than granulocytic forms. 
Occasionally a discrete mass, such as a chloroma, may be 
produced. Intrarenal hemorrhage and hematuria are com- 
mon. 

With leukemic infiltration, both kidneys are symmetri- 
cally enlarged. The collecting system is attenuated, and fill- 


FIGURE 6.30. Lymphoma. Two homogeneous soft tissue masses 
are seen in the left kidney on an enhanced computed tomogra- 
phy (CT) examination. 
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FIGURE 6.31. Lymphoma. Extension of paracaval tumor invades 
the right kidney. 


ing defects may be seen due to blood clots. Occasionally, 
acute urate nephropathy occurs. 


Multiple Myeloma 


Multiple myeloma is a disorder of older adults characterized 
by proliferation of plasma cells and abnormal serum and 
urine proteins. Renal failure results from precipitation of 
Bence-Jones proteins in the tubules that may cause me- 
chanical obstruction or damage of tubular cells. 
Intravascular contrast media causes in vitro precipitation of 
these proteins and may worsen renal failure in these pa- 
tients. However, many patients undergo contrast studies 
without difficulty, and underlying renal disease is probably 
necessary before contrast-induced nephropathy occurs. 

Hypercalcemia results from bone lesions and causes 
nephrocalcinosis. The kidneys are smoothly enlarged, and 
the collecting system is attenuated. Precipitation of abnor- 
mal proteins in the tubules or uric acid nephropathy may 
impair contrast excretion. 


FIGURE 6.32. Lymphoma. A soft tissue mass is encasing the right 
renal pelvis. 
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FIGURE 6.33. Metastasis. The low-density mass in the right kid- 
ney (arrow) is a metastatic tumor. Another metastasis is just pos- 
terior to the inferior vena cava (curved arrow). 


Solid Tumor Metastases 


Metastatic disease involving the kidneys is relatively com- 
mon in autopsy series, where it may be seen in as many as 
20% of patients. The most common primary tumors are 
carcinomas of the lung, breast, colon, and melanoma. 
Approximately 50% of these patients have metastases to 
both kidneys, and the remaining 50% have involvement of 
only one kidney. 

The patient’s symptoms usually are dominated by mani- 
festations of the primary tumor, but hematuria and protein- 
uria are common. Tumors that are especially vascular may 
cause significant renal hemorrhage resulting in gross hema- 
turia or a perinephric hematoma. Unless extensive metas- 
tases involve both kidneys, the renal function is normal. 
Occasionally, urine cytology may be positive. 

Although renal metastases are common in autopsy series, 
where they outnumber primary renal malignancy 4:1, they 
are not commonly seen clinically. Most patients with renal 


metastases have widespread metastatic disease, and imaging 
studies are not needed to demonstrate renal involvement as 
well. In the series reported by Choyke and colleagues, more 
than 50% of the patients died within 3 months of the 
demonstration of renal metastases. 

More recent use of CT to stage and monitor patients 
with an underlying malignancy has made detection of 
metastases more common. In a patient with extensive 
metastases, a renal mass is most likely another metastasis. 
However, among patients whose disease is in remission, a 
new renal mass is more likely to be a primary renal tumor. 
Perirenal metastases are readily detected by CT, because the 
soft tissue density mass is easy to see within the perirenal fat. 
The metastases have been reported in patients with under- 
lying lung cancer, melanoma, and lymphoma. Lymphatic 
connections may be responsible for this pattern of spread. 

Plain radiographs seldom are revealing in patients with 
renal metastases. A solid renal mass may be detected with ex- 
cretory urography, especially if the tumor is 2 cm or more in 
size. 

Ultrasound often is used to monitor patients with an un- 
derlying malignancy for the development of hydronephro- 
sis. Renal metastases are seen as a solid renal mass. Echo-free 
areas may represent tumor necrosis or local hemorrhage. 

Renal metastases are most commonly detected by CT, 
because this modality is most frequently used to stage and 
monitor oncology patients (Fig. 6.33). Unenhanced scans 
seldom are useful in detecting metastases, but may be help- 
ful in excluding renal calculi. Metastases often are small and 
multiple, but certain primary tumors such as colonic carci- 
nomas may produce a solitary large renal metastasis. These 
may be indistinguishable from primary renal adenocarcino- 
mas. Renal biopsy may be required to make this distinction 
(Fig. 6.34). Renal vein tumor invasion and extension into 
the IVC is seen commonly in renal adenocarcinoma, but is 
rare in renal metastases. Although vascular lesions may en- 
hance as much as the normal renal parenchyma during the 
early vascular phase, they later become hypodense. Small le- 


FIGURE 6.34. Metastasis. A: A solitary renal mass is detected in this man with lung carcinoma. B: 
A renal biopsy confirmed metastatic disease rather than a second primary tumor. 


sions may resemble cysts but can be differentiated by their 
higher density. 

Renal metastases demonstrate high signal intensity on 
T2-weighted images. However, MRI seldom is useful, as 
other entities such as primary renal malignancy or an in- 
flammatory process may have similar signal characteristics. 

Arteriography has been used to help distinguish a metas- 
tasis from a primary renal adenocarcinoma. The vascularity 
of the metastasis reflects the vascularity of the primary tu- 
mor. Furthermore, selective angiography may reveal small 
tumors that may be missed by CT, ultrasound, or MRI. 
Multiple tumors make metastatic disease more likely. A 
definitive diagnosis usually can be made with fine-needle 
biopsy. 


RENAL CAPSULAR TUMORS 


The renal capsule is composed of fibrous tissue, nerves, 
smooth muscle, blood vessels, and perirenal fat. A benign or 
malignant tumor may develop in any of these tissues. 
However, tumors of the renal capsule are rare. 

Malignant capsular tumors often are quite large at the 
time of diagnosis. Presenting complaints include a flank 
mass, abdominal pain, and weight loss. Unless the renal 
parenchyma is invaded, hematuria is uncommon. The prog- 
nosis for these patients usually is poor. 

If the tumor is large, a soft tissue mass may be appreciated 
on the plain abdominal radiograph. Calcification is uncom- 
mon, but a lipoma or liposarcoma may be recognized by the 
fat density. Extrinsic compression or displacement of the kid- 
ney is seen on urography. If the kidney is invaded, distortion 
of the collecting system or poor function may be present. 

CT is helpful in identifying the mass, especially if the 
growth is exophytic. Preservation of the collecting system 
suggests an extrarenal mass, but a capsular tumor cannot be 
distinguished from an exophytic renal neoplasm in this 
manner. 

Angiography is very helpful in the diagnosis of renal cap- 
sular tumors, because the mass is fed by enlarged capsular ar- 
teries. The intrarenal arteries remain intact, although they 
may be compressed by a large capsular tumor. The capsular 
vessels often are stretched and separated from the kidney, 
while the renal parenchyma is displaced inwardly. 


INDETERMINATE RENAL MASS 


Renal masses with the typical features of a benign simple 
cyst or renal adenocarcinoma present little difficulty in di- 
agnosis. However, the differential diagnosis for a cystic mass 
extends from a simple cyst to a cystic renal adenocarcinoma 
and includes benign cysts with atypical features, and in- 
flammatory or hemorrhagic masses. Lesions that require fur- 
ther evaluation or follow-up fall into one of two general cat- 
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egories, Either the lesion has atypical features that do not al- 
low a confident diagnosis, or the lesion is too small to assess 
the imaging features reliably. 


Cystic Masses 


Before the advent of CT and ultrasound, excretory urogra- 
phy was the primary method of identifying a renal mass. 
Because a confident diagnosis of a benign cyst seldom could 
be made, many were surgically explored. Angiography, cyst 
aspiration, and cystography sometimes were used to distin- 
guish a malignant lesion from a benign cyst. However, these 
invasive tests now have given way to CT and ultrasound, 
which are highly accurate in making this distinction. A sig- 
nificant minority of lesions are not obvious cancers, but 
have some features of malignancy and are, therefore, con- 
sidered indeterminate. 

Excretory urography remains a common imaging modal- 
ity for patients whose clinical presentation or laboratory 
findings suggest a renal mass, because it is readily available 
and relatively inexpensive. However, the majority of lesions 
detected with excretory urography cannot be assessed well 
enough to exclude malignancy. Because the vast majority of 
renal masses are benign simple cysts, ultrasound is the most 
cost-effective way of further evaluating these lesions. 
Einstein and coworkers reviewed 225 patients with a renal 
mass detected on excretory urography. When CT was used 
as the initial follow-up study, a firm diagnosis was made in 
88% of patients and 12% went on to sonography for further 
evaluation. When ultrasound was used as the initial follow- 
up study, a firm diagnosis was made in 82% of patients. The 
sonograms were inconclusive in the remaining 18% who 
then underwent a CT examination. Using Medicare reim- 
bursement payments as a cost assessment, they determined 
that 70% of the patients initially studied with ultrasound 
would have had to go on to CT to justify using CT as the 
initial follow-up study. 

In a few patients, the urographic features are sufficiently 
suggestive to indicate that the lesion will be at least a com- 
plicated cystic mass if not a solid tumor. When the lesion is 
in the upper pole of the left kidney, it may be technically dif- 
ficult to obtain an adequate examination. Similarly, if the 
renal lesion is small or the patient is obese, the ultrasound 
study may be indeterminate. Although these factors are 
commonly cited as indications to proceed directly to CT, 
their use was not supported as being cost-effective in the ret- 
rospective study reported by Einstein and coworkers. 

The ultrasound criteria of a benign simple cyst include a 
well-defined, sonolucent mass. The lesion should be homo- 
geneous and have a thin wall. There should be good 
through-transmission of sound waves with strong posterior 
enhancement. When all of these criteria are satisfied, a con- 
fident diagnosis of a benign cyst can be made. Complex 
masses that do not satisfy these criteria must be considered 
indeterminate and should be evaluated with CT. 
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CT is performed best by obtaining narrow collimated 
images both before and after intravenous contrast adminis- 
tration. Narrow collimation improves the reliability of den- 
sity measurements. A comparison of the density on the en- 
hanced image to that of the unenhanced image allows 
assessment of contrast enhancement. The use of a single- 
breath hold technique on a helical or multislice CT scanner 
eliminates misregistration artifact and should be used where 
available. 

The CT criteria of a benign simple cyst include homo- 
geneity, an imperceptibly thin wall, a CT density approxi- 
mating that of water, and lack of enhancement with intra- 
venous contrast administration. Lesions that satisfy these 
criteria do not need further evaluation. Some atypical fea- 
tures such as thin septations or thin mural calcification are 
not worrisome, and these lesions also may be considered be- 
nign. 

Bosniak suggested and subsequently modified a classifi- 
cation system that places cystic lesions into one of four cat- 
egories (see Chapter 5). These categories are helpful in de- 
termining what follow-up or treatment is most appropriate 
for patients with these complicated lesions. 

Lesions that satisfy the criteria of a benign simple cyst on 
CT or ultrasound are considered Bosniak category I lesions 
and do not require further diagnostic studies, patient fol- 
low-up, or surgery. Category II lesions smaller than 3 cm are 
most likely benign and can be followed for 1 or 2 years. If 
there is no change in the imaging features, they can be con- 
sidered benign as well. Masses in category III deserve surgi- 
cal exploration unless there are other mitigating circum- 
stances. Many of these masses will be benign lesions, and for 
that reason, it may be appropriate to explore the renal mass 
and obtain surgical biopsy specimens or perform a local ex- 
cision rather than to perform a formal radical nephrectomy. 


Surgical biopsy that confirms the benign nature of the lesion 
or local excision of the lesion may be preferred, since signif- 
icant renal tissue often can be preserved. 

Category IV lesions must be assumed to be malignant. 
Unless preservation of renal tissue is critical to keeping the 
patient out of renal failure, a radical nephrectomy most 
likely will be performed. In some patients, there may be ev- 
idence of metastatic disease, in which case, a percutaneous 
biopsy proving the existence of metastases and defining the 
renal mass as the etiology may be preferred over surgical re- 
section. (Fig. 6.35). In any case, the patient must be fully in- 
formed of the likelihood that the lesion is malignant as well 
as of the risks of surgery. The final decision should depend 


on a compilation of these various factors. 


Small Masses 


With the routine use of CT and ultrasound, many renal 
masses less than 3 cm in diameter are detected. Because 
chemotherapy has not proven to be effective for renal ade- 
nocarcinoma, early detection and surgical removal of malig- 
nant tumors is essential for optimal patient outcomes. 

However, the majority of all renal masses are benign 
cysts. Cysts large enough to demonstrate benign features 
may be confidently diagnosed. However, lesions less than 1 
cm can seldom be adequately characterized and are consid- 
ered indeterminate. 

If a renal mass contains fat, it is likely an angiomy- 
olipoma or renal hamartoma. Although there are reports of 
renal carcinoma containing fat, this occurs with osseous 
metaplasia, and the calcification is recognized readily. 
Isolated case reports of other lesions such as an oncocytoma, 
Wilms’ tumor, and metastasis containing fat also have ap- 
peared. However, the vast majority of these are angiomy- 


FIGURE 6.35. Cystic renal carcinoma. A: An enhanced computed tomography (CT) demonstrates 
a cystic renal mass with a thick, enhancing wall. B: Percutaneous biopsy under ultrasound guid- 
ance demonstrated adenocarcinoma. Note that the specimen is taken from the solid rather than 


the cystic portion of the tumor. 


olipomas, and occasional reports should not alter manage- 
ment protocols. 

Fat-containing angiomyolipomas typically are highly 
echogenic on sonography. However, small renal carcinomas 
also may be echogenic, and it is essential to confirm the pres- 
ence of fat with CT. This confirmation can be done best by 
obtaining thin sections through the lesion to minimize par- 
tial volume artifact. 

Metastases to the kidneys are seen with increased fre- 
quency as aggressive cancer treatment, with its associated 
frequent imaging, is undertaken. The most common pri- 
mary tumors are carcinomas of the lung or breast, malignant 
melanoma, or non-Hodgkin’s lymphoma. It is unlikely, 
however, to have renal metastases without other evidence of 
metastatic disease or a known primary tumor. 

A small solid renal mass without demonstrable fat most 
likely is a renal adenocarcinoma. Because small cancers sel- 
dom metastasize, these small tumors often have been called 
adenomas. However, many pathologists now consider these 
small tumors as premalignant or potentially malignant. 
Approximately 5% to 10% of these small tumors prove to 
be benign oncocytomas, but their imaging features are not 
pathognomonic, and a firm diagnosis cannot be made on 
imaging studies or even percutaneous biopsy. 

The prevalence of metastases from a renal carcinoma 
roughly is proportional to the size of the tumor. It is esti- 
mated that fewer than 5% of small tumors have metasta- 
sized. Furthermore, improved surgical techniques have 
made renal-sparing surgery an attractive alternative to 
nephrectomy for localized problems. With small peripheral 
tumors, survival with partial nephrectomy is as good as rad- 
ical nephrectomy. The primary argument against partial 
nephrectomy or tumorectomy for renal carcinoma is the po- 
tential for multifocal lesions. 

Continued improvement in our cross-sectional imaging 
modalities enables us to detect very small renal lesions. 
Masses less than 1 cm in diameter usually are too small to 
characterize. Because the overwhelming majority are benign 
cysts, they can be ignored. Lesions ranging from 1 to 3 cm 
in diameter must be examined carefully using ultrasound or 
narrow collimated CT, ideally before and after intravenous 
contrast administration. Together, ultrasound and CT are 
superior to each one individually. In patients with renal in- 
sufficiency or an allergy to iodinated contrast media, MR 
may be substituted for contrast-enhanced CT. In many 
cases, a confident diagnosis of a benign cyst or angiomy- 
olipoma can be made. If not, the lesion must be considered 
a potential renal carcinoma and treated accordingly. 

Any decision regarding additional examinations, patient 
follow-up, surgery, or percutaneous biopsy must be made in 
the context of the patient. In patients with a small renal 
mass, even if the features suggest malignancy, it may be 
more appropriate to follow the lesion than to undergo 
surgery if the patient’s life expectancy is relatively short. 
Many of these small renal carcinomas have a slow growth 
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rate, and the patient may often die of an unrelated problem 
before the renal carcinoma has metastasized or become lo- 
cally invasive. 
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Inflammatory conditions involving the urinary tract are 
among the most common infectious disorders affecting hu- 
mans. In most cases, the infection is confined to the lower 
urinary tract and the diagnosis is established by clinical or 
laboratory studies. Imaging studies are not required when 
there is prompt resolution after appropriate therapy. 
However, when the kidney is involved by the inflammatory 
process, or when the precise diagnosis is not known, renal 
imaging studies play an important role in diagnosis and 
management. 

Pathologically, inflammatory disease involving the kid- 
ney can be divided into two broad groups: (a) glomeru- 
lonephritis, which involves an immunologic injury of the 
glomerulus; and (b) interstitial nephritis, which results from 
the effect of an infectious or toxic agent on the renal 
parenchyma. Radiologic studies play a limited role in the di- 
agnosis and management of glomerulonephritis (see 
Chapter 11). Interstitial nephritis is divided into two major 
subgroups: (a) noninfectious interstitial nephritis, which is 
usually caused by the action of toxic agents on the kidney; 
and (b) infectious interstitial nephritis, the result of the ac- 
tion of a pathogen. Noninfectious interstitial nephritis is 
also discussed in Chapter 11. In most cases, infectious in- 
terstitial nephritis is caused by a bacterial organism; such 
cases are called acute pyelonephritis. 


BACTERIAL INFECTIONS 
Pathophysiology 


Bacteria usually reach the kidney through the ureter as a re- 
sult of ascending infection from the lower urinary tract. In 
children, this commonly occurs as a result of vesicoureteral 
reflux; in adults, however, frank reflux is uncommon and 
bacteria are thought to ascend to the kidney via the ureter 
against the antegrade flow of urine. Some bacteria, for exam- 
ple, Escherichia coli, have demonstrated the ability to elabo- 
rate a protein termed p. fimbriae that facilitates bacterial ad- 
hesion to the cells of the urothelium. Women have a much 
higher incidence of lower urinary tract infection owing to the 
short length of the female urethra. Bacterial infections of the 
kidney are much more common in women than in men 
younger than 50 years of age. Beyond this age, however, the 
incidence of urinary tract infection in men increases, as a re- 
sult of urinary stasis caused by benign prostatic hypertrophy 
and other factors. Much less commonly, bacterial infections 
are spread to the kidney hematogenously. 

Patients present with fever, flank pain, chills, and other 
systemic symptoms such as nausea, vomiting, and malaise. 
These symptoms help to differentiate infections involving the 
kidney from those that purely involve the lower urinary tract. 
In some cases, however, clinical differentiation may be diffi- 


cult because these symptoms may be present in patients with 
infection confined to the lower urinary tract. Conditions that 
predispose patients with lower urinary tract infection to renal 
involvement include (a) vesicoureteral reflux, (b) urinary tract 
obstruction, (c) calculi, (d) altered bladder function, (e) al- 
tered host resistance, (f) pregnancy, and (g) congenital urinary 
tract anomalies. Nonetheless, there is usually a prompt re- 
sponse to appropriate antibiotic therapy, and diagnostic 
imaging studies are seldom necessary. Patients with underly- 
ing diabetes mellitus are of particular concern, because they 
are more vulnerable to the development of a complication 
from acute pyelonephritis. It also is more difficult to establish 
the diagnosis on clinical grounds in patients with diabetes; as 
many as 50% of these patients will not present with the typi- 
cal flank tenderness that helps differentiate pyelonephritis 
from lower urinary tract infection. As such, a more aggressive 
approach to imaging in patients with diabetes is indicated. 

Gram-negative enteric pathogens, including E. coli, 
Proteus mirabilis, Pseudomonas aeruginosa, and Klebsiella spp. 
are responsible for the vast majority of bacterial renal infec- 
tions. In the preantibiotic era, gram-positive urine pathogens 
including Staphylococcus and Streptococcus spp. were relatively 
common; however, today they represent only a small minor- 
ity of infections. 

Pathologically acute pyelonephritis is an acute bacterial in- 
fection of the kidney manifested by infiltration of the renal in- 
terstitium with neutrophils. On gross examination, the kid- 
ney is swollen and the tissues are hyperemic. Small 
microabscesses, 1 to 5 mm in diameter, may be present. These 
changes tend to occur in foci within the kidney interspersed 
with zones of unaffected renal tissue. 

In the early 1970s, radiologists described a spectrum of pa- 
tients with acute pyelonephritis in whom there was a signifi- 
cant degree of impairment of contrast medium excretion on 
urography, a focal area of renal enlargement that simulated a 
renal abscess, or both. Such patients generally had more severe 
infections and responded more slowly to antibiotic therapy. 
In an attempt to differentiate such patients from those with 
uncomplicated pyelonephritis (who generally responded 
quickly to antibiotic therapy and had normal imaging stud- 
ies), a variety of terms were coined to describe these severe in- 
fections. Such terms included acute focal pyelonephritis, 
acute focal bacterial nephritis, acute bacterial nephritis, and 
acute lobar nephronia. The use of these terms accelerated with 
the demonstration of subtle changes of renal infection on 
computed tomography (CT), particularly in patients in 
whom urography was normal. 

The use of this terminology in the literature, however, has 
been inconsistent. Although many of these patients generally 
had more severe disease, there is no fundamental difference in 
the nature of the disease process. The Society of Uroradiology 
has recommended that the term acute pyelonephritis be used 
to describe changes in the kidney caused by a renal infection. 
To characterize the distribution and severity of the infection 
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further, they recommend the modifiers diffuse, focal, and 
with or without renal enlargement. 

If there is coalescence of the small microabscesses present 
in acute pyelonephritis with underlying tissue liquefaction, an 
acute renal abscess is formed. After formation of the abscess, 
fibroblasts migrate into the area of inflammation to build a 
wall between the normal parenchyma and necrotic tissue. 
This “walling-off” process is characteristic of more mature ab- 
scesses. A chronic renal abscess, therefore, represents a walled- 
off abscess and the remainder of the renal parenchyma returns 
to normal. If the walling-off process is incomplete and the re- 
nal abscess breaks through the renal capsule, a perinephric ab- 
scess is formed. 

If the infection is confined to the collecting system, and 
the patient also has ureteral obstruction, the process is termed 
pyonephrosis. In patients with pyonephrosis, inflammatory 
changes may be present throughout the renal parenchyma, 
but the collecting system itself is filled with pus as a result of 
inadequate drainage. If pyelosinus extravasation should oc- 
cur, a perinephric abscess may be formed by this mechanism 
as well. 


Imaging Approach to Renal Inflammatory 
Disease 


Traditionally, excretory urography has been the primary di- 
agnostic modality for imaging patients with acute renal in- 
flammatory disease. The rationale for performing urography 
is not to diagnose acute pyelonephritis, but to look for an 
underlying anatomic abnormality (i.e., anomaly) that may 
have predisposed the patient to the infection, to search for a 
process such as a calculus, papillary necrosis, or an obstruc- 
tion that may prevent a rapid therapeutic response, or to 
diagnose a complication of the infection such as a renal or 
perinephric abscess. As such, urologists may order an excre- 
tory urogram in patients with clinical pyelonephritis within 
the first 24 hours after initiation of therapy. 

There is good evidence that routine urography does not 
alter the clinical care in 90% of patients with pyelonephri- 
tis. If investigation is confined to those patients who do not 
become afebrile after 72 hours of appropriate antibiotic 
therapy, the number of patients with urographic findings 
that have immediate clinical significance increases signifi- 
cantly. A fivefold increase in yield from routine urography 
in patients with underlying diabetes or those infected with a 
pathogen other than ampicillin-sensitive Æ. coli also has 
been demonstrated. The validity of the 72-hour period was 
confirmed by Soulen and associates in a study of the utility 
of CT in patients with pyelonephritis. In this series, 95% of 
patients with uncomplicated pyelonephritis became afebrile 
within 48 hours of appropriate antibiotic therapy and nearly 
100% did so within 72 hours. 

Precontrast and postcontrast CT is the imaging study of 
choice for the diagnosis of atypical pyelonephritis or to look 
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for a potential complication of the infection such as a renal 
or perinephric abscess, or renal emphysema. The superiority 
of CT lies in its ability to detect parenchymal abnormalities 
in patients with pyelonephritis that are generally missed by 
ultrasound, but that do not alter the patient’s therapy. 
However, Soulen and associates did report that ultrasound 
missed six of ten intrarenal and one of five perinephric ab- 
scesses subsequently diagnosed by CT. The proponents of 
ultrasound are quick to point out its advantages: relatively 
low expense, lack of ionizing radiation, and that it does not 
require the use of a contrast medium. Power Doppler stud- 
ies enhance both the specificity and sensitivity of sonogra- 
phy for the detection of abnormalities in both adults and 
children secondary to pyelonephritis. 

Ultrasonographic findings in patients with pyonephrosis 
are relatively specific (i.e., low-level echoes within the col- 
lecting system) but this diagnosis also can be suggested by 
CT. The most specific test for the diagnosis of pyonephro- 
sis is needle aspiration of the collecting system, which is gen- 
erally performed as a prelude to percutaneous nephrostomy. 

The diagnosis of acute pyelonephritis in children may be 
established using technetium-99m-dimercaptosuccinic acid 
(??™Tc-DMSA) renal scintigraphy. This technique is more 
sensitive for the detection of pyelonephritis than ultra- 
sonography. Kass and coworkers demonstrated scinti- 
graphic abnormalities in 78% of children with acute 
pyelonephritis; ultrasonography was positive in only 11% of 
the same patients. This is important because differentiating 
lower urinary tract infection from pyelonephritis is more 
difficult in children and because children are more vulnera- 
ble to permanent renal damage from renal inflammatory 
disease. There are little comparable data, however, regarding 
the adult population. 

Various other imaging studies are of value in selected pa- 
tients. Magnetic resonance imaging (MRI) may demon- 
strate inflammatory lesions to be mildly hyperintense on 
T2-weighted images after gadolinium enhancement; the 
technique should probably be reserved for problem solving 
in patients who cannot be given iodinated contrast material 
(Fig. 7.1). Retrograde pyelography is of value in patients 
with severe infection and obstruction that can not be 
demonstrated noninvasively. Antegrade pyelography can be 
used as an alternative to the retrograde study. Voiding cys- 
tourethrography is used to demonstrate vesicoureteral re- 
flux, but is routinely performed only in children. 

In summary, otherwise healthy patients with uncompli- 
cated pyelonephritis seldom need a radiologic workup if 
they respond to antibiotic therapy within 72 hours. If there 
is no response to therapy, urography is probably the most 
cost-effective initial examination, however, many radiolo- 
gists and clinicians prefer CT, despite its increased cost. 
Diabetic or other immunocompromised patients should 
probably be evaluated within 24 hours of diagnosis using 
precontrast and postcontrast CT as an initial study. 
Ultrasound should be used as a problem-solving technique, 


FIGURE 7.1. Acute pyelonephritis. A: Coronal and (B) axial in- 
version recovery (TR/TE/T1 : 4800/15/160) gadolinium-enhanced 
magnetic resonance (MR) images of a 50-year-old patient with 
acute pyelonephritis involving the right kidney. The areas of in- 
volvement are hyperintense. The MR was performed because the 
patient was unable to receive iodinated contrast material due to 
renal insufficiency. 


for those in whom pyonephrosis is suspected, and in those 
patients in whom exposure to contrast media or radiation 
(i.e., pregnant women) is deemed to be hazardous. In all 
other patients, (i.e., males, patients with a history of stones 
or prior urologic surgery, repeated episodes of pyelonephri- 
tis, etc.), urography is still the most cost-effective initial 
study. 


Acute Pyelonephritis 


Acute uncomplicated pyelonephritis is the most common 
bacterial infection involving the kidney. The infection re- 
sponds quickly (within 48-72 hours) to antibiotic therapy 
and generally does not lead to permanent morphologic 
damage. It is not surprising, therefore, that the results of 
urography and ultrasonography are normal in three-quarters 
of the cases. In the remainder, abnormal urographic find- 
ings include (a) diffuse renal enlargement, generally at- 
tributed to the edema that accompanies the infection; (b) a 
delay in the appearance of the contrast medium in the renal 
collecting system; (c) attenuation of the intrarenal collecting 
system (also the result of parenchymal edema); and (d) a de- 


B 


crease in the density of the nephrogram in the affected por- 
tion of the kidney. In general, the degree of radiographic ab- 
normality and the degree of impairment of contrast excre- 
tion reflect the severity of the interstitial inflammatory 
disease (Fig. 7.2). 

Uncommonly, urography may demonstrate severe im- 
pairment of contrast excretion in patients with severe 
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FIGURE 7.2. Acute pyelonephritis. A: Excretory urogra- 
phy. The left kidney is enlarged; there is a decrease in the 
density of the nephrogram and pyelogram, and the col- 
lecting system is attenuated. B: Noncontrast computed to- 
mography (CT) demonstrates diffuse parenchymal swelling 
without a focal parenchymal defect. C: Postcontrast CT 
shows striated nephrographic defects typical of acute 
pyelonephritis. 


pyelonephritis (Fig. 7.3). The nephrogram is typically of 
normal or increased intensity and persists for several hours 
after the administration of the contrast medium. This ap- 
pearance is similar to the nephrogram, which has been de- 
scribed in association with acute tubular necrosis and must 
be differentiated from the nephrogram of acute extrarenal 
obstruction. In the latter instance, the nephrogram becomes 


FIGURE 7.3. Severe acute pyelonephritis. A: Initial study demonstrates swelling of the left kidney 
with virtually no excretion of contrast medium into the renal collecting system. B: Follow-up study 
after 2 weeks of parenteral antibiotics shows marked improvement. A bifid renal pelvis is now ev- 


ident. 
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progressively more intense during the course of the study. 
The pyelogram typically is markedly delayed in appearance 
or may be entirely absent. The urographic changes, while 
generally more pronounced, may be difficult to distinguish 
from other forms of renal inflammatory disease. 

Caliectasis that is not attributable to concomitant ob- 
struction, may occur as the result of acute pyelonephritis, 
but is rare. This finding has been attributed to an endo- 
toxin elaborated by some gram-negative bacteria that is said 
to diminish ureteral peristalsis. In the vast majority of cases, 
however, the finding of caliectasis in association with acute 
pyelonephritis implies past or present urinary tract ob- 
struction. 

Mucosal striations, sometimes referred to as “ridging” of 
the mucosa, are an uncommon manifestation of acute 
pyelonephritis in the renal collecting system. These stria- 
tions are thought to be a manifestation of mucosal edema, 
but are not specific for acute pyelonephritis; they are found 
in a variety of other conditions, including vesicoureteral re- 
flux. 

Ultrasonographic findings in patients with acute uncom- 
plicated pyelonephritis are normal or show renal enlarge- 
ment and diffusely hypoechogenic renal parenchyma (Fig. 
7.4). Dinkle and colleagues demonstrated an increase in re- 
nal size of as much as two standard deviations over normal 
as determined by ultrasound in children with acute renal in- 
flammatory disease. They reported, however, that renal en- 
largement appears to be age-dependent, with the youngest 
children showing the greatest degree of change. When there 
is renal enlargement with focal pyelonephritis, the “mass” is 
typically sonolucent, is poorly marginated, and may contain 
low-level echoes that disrupt the corticomedullary junction. 
In some patients, areas of involvement have been described 
as being slightly hyperechoic, but this appearance is uncom- 
mon. Differentiating these phlegmatous areas of involve- 


FIGURE 7.5. Computed tomography appearance of acute 
pyelonephritis. Relatively narrow striate zones of decreased con- 
trast enhancement are present in the right renal parenchyma. 


ment from true liquefaction may be difficult, even using 
high-resolution equipment. Power Doppler findings 
demonstrate a decrease in cortical perfusion compared to 
noninvolved areas of the renal parenchyma. 

The most complete information regarding the nature 
and extent of the inflammatory process is provided by CT. 
Typically in acute pyelonephritis, unenhanced scans are 
normal or show only renal enlargement. After contrast ad- 
ministration, however, narrow striate areas of decreased 
contrast enhancement are seen focally or generally in the 
kidney depending on the degree of involvement (Fig. 7.5). 
Because of its superior contrast resolution compared with 
urography, CT may show these changes even in patients in 


FIGURE 7.4. Acute pyelonephritis. A: Gray-scale longitudinal ultrasound examination of the 
right kidney shows decreased echogenicity of the upper pole with loss of corticomedullary differ- 
entiation. B: Corresponding power Doppler image shows decreased perfusion in the affected 


area. 


whom urography is normal. These striated areas of de- 
creased contrast enhancement most probably represent areas 
of decreased excretion of the contrast medium secondary to 
the inflammatory disease. They may represent areas of slow 
urine flow within the tubular lumen secondary to elevated 
interstitial pressure. Perinephric stranding or edema may 
also be seen. 

With more focal disease (Fig. 7.6), a wedge-shaped or 
rounded mass-like lesion secondary to diminished contrast 
enhancement is demonstrated. This appearance is in con- 
trast to a frank abscess, which is apparent before and after 
contrast administration. 

The advent of helical CT has allowed patients to be im- 
aged during multiple phases of contrast enhancement (Fig. 
7.6). Preliminary data suggest that although CT, during the 
cortical or early nephrographic phase, may better demon- 
strate the anatomic distribution of the inflammatory pro- 
cess, subtle alterations in the nephrogram may not be ap- 
preciated on early phase scans. Overall, late nephrographic 
or early excretory phase imaging is probably the best com- 
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promise. Delayed scans (3 hours or more after contrast ad- 
ministration) may also be of value for differentiating func- 
tioning parenchyma from areas of parenchymal damage by 
demonstrating focal areas of increased enhancement in areas 
of decreased enhancement on earlier phase images. 

With increasing severity of involvement, the kidney is 
diffusely enlarged and nearly homogeneous in density on 
noncontrast studies. After contrast administration, how- 
ever, multiple wedge-shaped zones of diminished enhance- 
ment can be seen that radiate from the collecting system to 
the renal capsule (Fig. 7.2). When compared with the at- 
tenuation of the kidney before contrast administration, 
these zones demonstrate a modest increase in density, but 
less than that present in the unaffected areas of the kidney. 

These hypoenhancing areas of diffuse parenchymal in- 
volvement are characteristic of the most severe forms of re- 
nal infection. Such patients typically respond slowly to an- 
tibiotics; may require long periods of therapy for resolution; 
and may have parenchymal atrophy, scarring, or papillary 
necrosis as residua of the infection. 


FIGURE 7.6. Focal acute pyelonephritis (arrow). A: Noncontrast. B: Corticomedullary phase. C: 


Nephrographic phase. D: Delayed. 
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COMPUTED TOMOGRAPHY FINDINGS IN 
ACUTE PYELONEPHRITIS 


m Renal enlargement 

m Focal bulge in renal contour 

m Wedged or striated zones of decreased contrast 
enhancement 

m Perinephric stranding or edema 


The appearance of pyelonephritis on CT may be modi- 
fied by antibiotic therapy. Partially treated patients may 
demonstrate a rounded or ovoid area of decreased enhance- 
ment with poorly defined margins (Fig. 7.7). 

Long-term follow-up studies in patients with severe renal 
inflammatory disease may demonstrate generalized wasting 
of the kidney (Fig. 7.8) and focal calyceal clubbing, sugges- 
tive of papillary necrosis. The etiology of these morphologic 
changes has been postulated to involve ischemic insult to the 
kidney as a result of the inflammatory process (Fig. 7.9). 
Previously, scarring from renal infection was thought to be 
a feature of childhood pyelonephritis only; experience with 
cross-sectional imaging studies has conclusively demon- 
strated that scarring may occur in adults after severe infec- 
tions, as well. 

Radionuclide imaging in patients with acute pyelo- 
nephritis has been reported using renal cortical imaging 
agents such as ?™T'c-DMSA and agents such as gallium 67 
(Ga) citrate, which image areas of inflammation. Renal 
cortical imaging studies may show an inhomogeneous dis- 
tribution of the radionuclide within the affected kidney or 
polar defects with asymmetric tracer uptake. In some cases, 
a pattern that was specific for the diagnosis of pyelonephri- 


FIGURE 7.7. Atypical appearance produced by treated 
pyelonephritis. Computed tomography shows a rounded area of 
decreased enhancement in the right kidney without significant 
mass effect; this is in contrast to the striated areas (Fig. 7.5) more 
typical of untreated acute pyelonephritis. 


tis, termed the “flare” pattern, representing a striate distri- 
bution of decreased radioactivity was present. Ditchfield 
and associates demonstrated that cortical defects attributed 
to acute pyelonephritis in children with urinary tract infec- 
tions were more likely to be present in children less than 2 
years of age than in older children. Defects and subsequent 
scars also were more likely to be present in patients with ra- 
diologically demonstrated vesicoureteral reflux; however, 
defects also were found in 25% of children in whom reflux 
was not demonstrated. 

Gallium 67 will localize in any area of inflammation and 
is reported to have an accuracy of 86% in distinguishing up- 
per-tract from lower-tract infection at 48 hours. Difficulties 
with gallium imaging for patients with pyelonephritis in- 
clude: (a) within the first 24 hours there is normal excretion 
of the radiotracer by the kidneys; and (b) the study cannot 
differentiate infection within the kidney from that in the 
surrounding perinephric tissues. In addition, gallium up- 
take in the kidneys is relatively nonspecific and may be pre- 
sent in a variety of other renal diseases, including acute 
tubular necrosis and vasculitis. Other investigators have re- 
ported using '''indium (''In)-labeled autologous leuko- 
cytes in imaging renal inflammatory disease. Indium 111 
leukocyte studies have the advantage over “Ga studies in 
that the radiopharmaceutical is not normally excreted by the 
kidneys and that delayed images are not generally required. 
However, the sensitivity of such studies for the diagnosis of 
acute pyelonephritis has never been confirmed in large clin- 
ical studies. 


Acute Renal Abscess 


Before the availability of broad-spectrum antibiotics, the 
majority of renal abscesses formed as a result of hematoge- 
nous dissemination of S. aureus, usually from a site in the 
skin or bone. Most renal abscesses now form as a result of 
the coalescence of small microabscesses that are present as a 
part of acute pyelonephritis. The predominant organisms 
responsible for abscesses today are gram-negative enteric 
species that occur in the setting of diabetes mellitus, drug 
abuse, vesicoureteral reflux, and renal calculus disease. Acute 
abscesses may be solitary or may form in multiple locations 
in the kidney simultaneously. Multiple lesions are less com- 
mon and suggest hematogenous dissemination. 

The signs and symptoms of an acute renal abscess are dif- 
ficult to distinguish from less virulent forms of bacterial in- 
fection of the kidney. There is usually a low-grade fever, 
leukocytosis, and flank pain; urinalysis may demonstrate 
pyuria, but also may be normal, especially if the process has 
walled-off. There is frequently a history of prior antibiotic 
therapy with recrudescence on cessation. 

Urography may demonstrate decreased opacification of 
all or part of the kidney and there is typically decreased ca- 
lyceal opacification with either compression or amputation 
of the calyces in the affected segment. Tomography may 


Chapter 7: Renal Inflammatory Disease 


FIGURE 7.8. Scarring from pyelonephritis in a 45-year- 
old patient. A: Initial computed tomography scan demon- 
strates typical findings of acute pyelonephritis. B: Follow- 
up scan demonstrates focal tissue necrosis. C: Further 
follow-up examination shows parenchymal scarring in the 
area of previous liquefaction. 


FIGURE 7.9. Ischemic necrosis from pyelonephritis. A: Computed tomography examination (CT) 
in a 23-year-old postpartum female with severe right flank pain and fever demonstrates marked 
decreased perfusion of the upper pole of the right kidney secondary to severe pyelonephritis. B: 
Follow-up CT 2 months later shows the right upper pole to be scarred and contracted as a result 
of ischemic nephrosis. (From Kawashima A, Sandler CM, Goldman SM, et al. CT of renal inflam- 
matory disease. Radiographics 1997;17:851-866, with permission.) 


157 


158 Textbook of Uroradiology 


demonstrate an ill-defined lucency within the renal 
parenchyma associated with mass effect. The findings on 
urography are rarely specific, and it may be difficult to dis- 
tinguish abscess from other forms of inflammatory disease. 

Angiography is no longer used to diagnose renal ab- 
scesses, but may be performed in an attempt to differentiate 
an atypical CT appearance of an abscess from that of a tu- 
mor. The study typically demonstrates pruning of the vas- 
cular tree, and there may be draping of vessels around a 
poorly defined mass, usually best appreciated on the capil- 
lary phase. 

On sonography, abscesses appear as sonolucent lesions 
that contain low-amplitude echoes reflecting the necrotic 
nature of the mass. There is typically poor through-trans- 
mission of the ultrasound beam; the findings are usually best 
characterized as representing a complex mass. 

CT is the imaging study of choice for the diagnosis of an 
acute renal abscess. The lesion is a low-attenuation (10-20 
Hounsfield units [HU]) rounded or ovoid mass which, in 
contrast to other nonnecrotic inflammatory masses, is pre- 
sent before (Fig. 7.10) and after contrast administration. 
The attenuation of the mass may increase slightly with con- 
trast administration, but not to the extent that is present 
with renal tumors. Depending on the degree of the sur- 
rounding inflammatory process, the borders of the mass 
may be relatively sharply defined or indistinct. In some 
cases, gas may be present within the abscess; when present, 
this finding is virtually pathognomonic of an abscess. There 
is usually thickening of Gerota’s fascia, and increased den- 


FIGURE 7.10. Acute renal abscess. An unenhanced computed to- 
mography scan demonstrates an acute multiloculated renal ab- 
scess. 


sity may be found in the adjacent perinephric and mesen- 
teric fat. This latter finding has been termed “dirty fat” by 
some investigators, but is not specific for an inflammatory 
process. 

Radionuclide studies performed with °’Ga citrate or 
"In-labeled leukocytes will localize in an acute renal ab- 
scess. Neither study, however, permits differentiation of a 
frank abscess from a phlegmon or a focal area of 
pyelonephritis, nor do they permit separation of those in- 
flammatory masses confined to the kidney from those that 
have extended into the perinephric space. 


Chronic Renal Abscess 


When fibroblasts migrate into the area of an acute renal ab- 
scess and form a barrier between the abscess and the re- 
mainder of the kidney, a chronic renal abscess is formed. 
Extension of the abscess into the perinephric space may or 
may not be present. 

On imaging studies, a chronic renal abscess is seen as an 
intrarenal mass. While the interior of the mass is avascular, 
there is frequently a prominent hypervascular rim on CT 
(Fig. 7.11). Although this hypervascular rim is characteristic 
of a chronic renal abscess, the rim is not pathognomonic; 
such a pattern of enhancement may be found in some 
necrotic or cystic renal neoplasms. On ultrasonography, 
chronic renal abscesses appear as complex intrarenal masses. 
In some instances, the rim of granulation tissue may be 
identified by its echogenic nature; however, ultrasonogra- 
phy has not proven to be as reliable as CT in identifying the 
nature of the lesion. Hoddick and coworkers reported a sig- 
nificant number of false-negative ultrasonograms among 12 
patients with renal or perirenal abscesses in whom both 


FIGURE 7.11. A small right kidney containing multiple calculi 
(arrow) is present. A chronic renal abscess containing an extruded 
calculus is present in the inferior portion of the kidney (arrow- 
head). A perinephric component with an enhancing rim (curved 
arrow) also contains extruded calculi (small white arrows). 


modalities were used; there were no false-negative CT stud- 
ies in this group. 


Perinephric Abscess 


A primary perinephric abscess forms when an intrarenal ab- 
scess breaks through the renal capsule into the perinephric 
space. On discovery, the intrarenal component may be large 
or may have healed, and the extrarenal component is all that 
can be identified. Primary perinephric abscesses also may 
form as a result of pyelosinus extravasation of infected urine. 
Secondary perinephric abscesses may form when infection is 
spread to the perinephric space hematogeneously from an 
external source. A third mechanism by which perinephric 
abscesses occur is direct extension into the perinephric space 
from an infection in an adjacent organ (i.e., a ruptured ap- 
pendix or diverticulitis). 

The signs and symptoms of a perinephric abscess are 
nonspecific in that clinical differentiation of this process 
from less advanced forms of renal inflammatory disease is 
usually not possible. In some patients, however, referred 
pain to the thorax, the groin, the thigh, or the hip may be a 
clue that the disease has spread beyond the kidney. In most 
cases, symptoms of urinary infection are present for periods 
longer than 2 weeks. Fever is usually present, but tends to be 
intermittent and low-grade. As many as 25% of patients 
have normal urinalysis. The development of a perinephric 
abscess as a complication of renal inflammatory disease is 
more common in patients with large staghorn calculi (Fig. 
7.11), pyonephrosis, diabetes mellitus, or a neurogenic 
bladder. 

On plain films, a large perinephric abscess may be iden- 
tified as a soft tissue mass in the perinephric space. A scolio- 
sis of the lumbar spine convex to the opposite side also may 
be present. The psoas margin may be obscured on the in- 
volved side; however, such a finding may be present in up to 
10% of healthy patients. Air within the abscess is found in a 
number of large perinephric abscesses secondary to gas- 
forming organisms; extensive gas collection, however, may 
be confused with gas normally present within the colon. 

Urography generally demonstrates changes in the renal 
parenchyma previously described with less severe forms of 
renal inflammatory disease. With a large abscess, a soft tis- 
sue density outside the confines of the kidney may be ap- 
preciated. Tomography demonstrates thickening and dis- 
placement of Gerota’s fascia (Fig. 7.12). In addition, 
tomography may demonstrate that the two kidneys are not 
in focus on the same tomographic section; the affected kid- 
ney may be displaced anteriorly because of fluid behind it. 
In some cases, however, the findings on urography will be 
subtle, with compression of the kidney by the surrounding 
soft tissue mass. Loss of the normal mobility of the kidney 
(Mathe’s sign) may be diagnosed by a fixed position of the 
affected kidney on upright radiographs and by reduced res- 
piratory excursion of the kidney. Maneuvers described in 
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FIGURE 7.12. Tomogram demonstrates thickening and displace- 
ment of Gerota’s fascia (arrows) secondary to a perinephric ab- 
scess. 


the older literature specifically designed to demonstrate this 
phenomenon on urography are no longer necessary because 
the diagnosis will be established on cross-sectional imaging. 

On ultrasonography, perinephric abscesses appear as 
masses of variable echogenicity adjacent to the kidney. Gas 
within the abscess will demonstrate acoustic shadowing, but 
when the abscess is anterior to the kidney, gas may be con- 
fused with intestinal gas. Depending on the ultrasono- 
graphic characteristics of the abscess, sonography may un- 
derestimate the size of or even fail to detect the perinephric 
fluid collection because its borders may blend into the nor- 
mally echogenic perinephric fat (Fig. 7.13). 

The imaging study of choice for the detection of per- 
inephric abscess is CT. Such abscesses are best detected 
when contrast-enhanced scans are obtained, but the abnor- 
mality is usually detected even on unenhanced studies 


FIGURE 7.13. Perinephric abscess. Ultrasound shows anterior 
displacement of the lower pole of the kidney secondary to a pos- 
teriorly located renal abscess. 
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FIGURE 7.14. Right perinephric abscess. An enhanced computed 
tomography examination reveals a large right renal and poste- 
rior perinephric abscess displacing the kidney anteriorly with in- 
volvement of the psoas muscle (arrows). 


(Fig. 7.14). The strength of CT is its ability to define pre- 
cisely the boundaries of the process so that extension into 
the psoas muscle, the posterior pararenal space, and the true 
pelvis may all be accurately detected. As in intrarenal ab- 
scess, chronic perinephric abscess may demonstrate an en- 
hancing rim (Fig. 7.11). 


Percutaneous Drainage of Renal and 
Perinephric Abscess 


Percutaneous drainage of renal and perinephric abscesses us- 
ing radiologic guidance is the preferred method of therapy. 
Percutaneous drainage provides satisfactory clinical results 
using only local anesthesia and obviates the need for open 
surgical drainage. Fluoroscopic, ultrasonic, or CT guidance 
(Figs. 7.15 and 7.16) may be used. The method used largely 
depends on the experience and preference of the radiologist 
and.on the size and location of the cavity to be drained. 


Renal and perinephric abscesses are usually included in 
larger series of abdominal and pelvic abscesses. Sacks and as- 
sociates, however, have reported a series of renal and perire- 
nal abscesses totaling 18 patients. Percutaneous drainage, as 
the sole therapy, was successful in the management of 61% 
of the patients; in 39% of patients, successful temporization 
of the abscess was achieved by percutaneous methods. In 
these cases, surgery to correct the underlying condition as- 
sociated with the development of the renal or perirenal ab- 
scess was performed. The period of drainage varied and 
ranged from a few days to 2 months. The drainage catheter 
may be removed when the patient’s clinical condition has 
improved and drainage ceases. 

Complications of renal abscess drainage include the ex- 
acerbation of urosepsis and hemorrhage. Migration of the 
drainage catheter into the gastrointestinal tract also has been 


described. 


Pyonephrosis 


Pyonephrosis is an obstructed, infected renal collecting 
system. It is one of the few true urologic emergencies in that 
untreated pyonephrosis may lead to sepsis and death. Most 
patients with pyonephrosis have clinical evidence of urinary 
tract infection. In one series, however, the aspiration of in- 
fected urine under fluoroscopic guidance was the first evi- 
dence of urinary tract infection in approximately 10% of the 
patients. Calculi are the cause of the associated urinary tract 
obstruction in a majority of cases; metastatic disease, post- 
operative ureteral strictures, and processes such as retroperi- 
toneal fibrosis account for the remainder. 

The role of imaging studies in the diagnosis of py- 
onephrosis has been reported by Yoder and coworkers in a 
series of 70 patients. Plain abdominal radiographs demon- 
strated obvious urinary tract calculi in approximately one- 
half of the patients. Urography demonstrated findings typ- 
ical of acute urinary tract obstruction in those patients in 


FIGURE 7.15. Acute renal abscess with computed tomography (CT)-guided aspiration. A: CT 
shows an intrarenal, oval-shaped abscess. B: With the patient in the prone position, CT-guided as- 


piration is performed before drainage. 
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FIGURE 7.16. A: Computed tomography scan demonstrates an acute intrarenal abscess (arrow) 
with a large perinephric component inferior to the kidney. B: Two catheters were used for 
drainage; a pigtail catheter was placed in the intrarenal component, while a Malecot catheter (ar- 


row) was placed in the perinephric space. 


whom sufficient renal function permitted excretion of the 
contrast material. In approximately one-third of the pa- 
tients in Yoder’s study, the involved kidney demonstrated 
no discernible contrast material excretion. In patients with 
ileal conduits, loopograms may be helpful by demonstrat- 
ing partial or complete obstruction of the affected ureter. 
Radionuclide studies generally demonstrate diminished ex- 
cretion of technetium-99m diethylenetriaminepentaacetic 
acid °™Tc-DTPA), but a dilated renal collecting system 
may be found on delayed images. CT usually shows evi- 
dence of hydronephrosis and generally demonstrates the 
cause and level of the associated obstruction. Although 
rare, layering of contrast medium above purulent material 
in the collecting system allows a specific diagnosis of 
pyonephrosis. 

Sonography is the most reliable noninvasive method by 
which pyonephrosis can be distinguished from uninfected 
hydronephrosis on imaging studies. The findings on sonog- 
raphy include: (a) persistent dependent echoes within the 
collecting system; (b) shifting urine-debris levels; (c) dense 
peripheral echoes with shadowing secondary to gas in the 
collecting system; and (d) low-level echoes within the di- 
lated collecting system with poor through-transmission 
(Fig. 7.17). Subramanyam and coworkers reported sonogra- 
phy to have a sensitivity of 90% and an overall accuracy of 
96% for this diagnosis among a group of 73 patients. Jeffrey 
and colleagues, however, reported that while the findings of 
medium- to coarse-intensity echoes within the collecting 
system had a specificity of 100% for pyonephrosis, the sen- 
sitivity of the study was only 62%. In this series, 10% of the 


patients with proven pyonephrosis had ultrasonographic 
findings indistinguishable from uninfected hydronephrosis. 
On CT, a grossly dilated collecting system that contains a 
urine debris level or an air-fluid level, suggests the diagnosis 
(Figs. 7.18 and 7.19). 

Percutaneous aspiration of infected urine using radio- 
logic guidance is the definitive diagnostic study in suspected 
pyonephrosis and is usually performed in association with 


FIGURE 7.17. Pyonephrosis. Longitudinal ultrasound image 
shows a dilated renal collecting system with multiple, low-level 
echoes within the collecting system. 
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FIGURE 7.18. Pyonephrosis. A grossly dilated collecting system 
with some contrast medium excretion (curved arrow) and an air- 
fluid level (arrow) is present. 


percutaneous nephrostomy. Yoder and associates has re- 
ported that percutaneous nephrostomy and antibiotics were 
successful as the only therapy for pyonephrosis in 33% of 
their patients; in 40% of patients, the procedure permitted 
successful temporization before a surgical procedure to re- 
move the cause of obstruction. Nephrectomy was ultimately 
required in 20% of patients, whereas 5% of the patients 
died, commonly from sepsis. Twenty-eight percent of the 
patients in Yoder’s series, however, suffered serious compli- 
cations from the procedure including the development of 
temporally related frank sepsis, fever, shaking chills, and 
hemorrhagic shock. 


FIGURE 7.19. Pyonephrosis. A 50-year-old woman with a grossly 
hydronephrotic left kidney secondary to a staghorn calculus ob- 
structing the renal pelvis. 


Gas-forming Renal Infections 


Gas in the kidney or collecting system may be due to a vari- 
ety of etiologies, including the iatrogenic introduction of air 
during a surgical or radiologic procedure, or as the result of 
a renoalimentary fistula, external penetrating trauma, or uri- 
nary infection. In the last instance, the presence of gas usu- 
ally indicates infection with a gram-negative pathogen (E. 
coli in 70%, followed by Klebsiella, Aerobacter, and Proteus) 
and is most common in diabetic patients in whom the pres- 
ence of glycosuria is said to promote its production through 
the fermentation of glucose into carbon dioxide and hydro- 
gen. Diabetes, however, is not a necessary precondition for 
the development of a gas-forming infection. Its rare occur- 
rence, even in diabetic patients, suggests that other factors 
such as altered host resistance play a role in its pathogenesis. 
As described earlier, gas may be present in acute or chronic 
renal abscesses or perinephric abscesses. 

A variety of confusing terms have been used to describe 
gas-forming infections. The term, emphysematous 
pyelonephritis (EPN), has generally been reserved for cases 
in which gas is found diffusely infiltrating the renal 
parenchyma (Fig. 7.20). More than 90% of these cases oc- 
cur in patients with diabetes mellitus. When the gas is con- 
fined to the kidney alone, a mortality rate of 60% has been 
reported in patients treated with antibiotics with or without 
surgical drainage. When there is extension of the gas into the 
perirenal space, the mortality rate on medical therapy alone 
is said to exceed 80%; however, with nephrectomy, there is 
a reduction in mortality to the 30% to 50% range. Gas 
within the lumen of the renal pelvis or calyces with or with- 
out an air pyelogram (Fig. 7.21), or gas within the walls of 
the renal pelvis termed emphysematous pyelitis (Fig. 7.22), 
has a better prognosis than does true emphysematous 
pyelonephritis. Diabetes is present in approximately one- 
half of this group of patients and the condition has a con- 
siderably lower mortality, in the range of 15% to 20%. 


GAS-FORMING RENAL INFECTIONS 


m Air diffusely infiltrating renal parenchyma — 
emphysematous pyelonephritis (Wan type 1) 

m Focal parenchymal air collections with fluid — 
air-containing renal abscess (Wan type 2) 

m Air in the walls of the renal pelvis or calyces — 
emphysematous pyelitis 

m Air confined to the lumen of the collecting sys- 
tem 


In order to standardize the nomenclature regarding gas- 
forming renal infections and to make comparisons of ther- 
apy and outcomes comparable among published series, Wan 
and coworkers (1996) have suggested that gas-forming renal 
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FIGURE 7.20. Emphysematous pyelonephritis. A: Coned view of the right kidney showing a bub- 
bled appearance within the renal parenchyma secondary to diffuse infiltration of the kidney by 
gas. An air pyelogram and ureterogram also are present. (Courtesy of Davis S. Hartman, MD, and 
the Armed Forces Institute of Pathology.) B: Computed tomography in a different patient demon- 
strating diffuse air infiltrating the left renal parenchyma and extending into the inferior vena 
cava (arrow). A small left renal calculus is also present. (Courtesy of Akira Kawashima, MD, Hiroshi 


Honda, MD, and Kouji Masuda, MD.) 


infections be categorized into two groups. Type 1 EPN is 
defined as the classic form of EPN in which gas is found dif- 
fusely throughout the renal parenchyma in a streaked or 
mottled pattern with tissue destruction and little or no fluid 
(Fig. 7.20). Type 2 EPN is defined as any renal or per- 
inephric fluid collection with a bubbly or loculated gas col- 


FIGURE 7.21. Plain tomogram shows air and several struvite cal- 
culi present within the right renal collecting system. 


lection either in the renal parenchyma or in the collecting 
system, including air-containing renal and perinephric ab- 
scesses (Fig. 7.21). The authors confirmed the grave prog- 
nosis for patients with type 1 EPN; such patients experi- 
enced a more fulminant course from the time of onset of 
symptoms (mean 4.06 days vs. 11.16 days for patients with 
type 2 EPN) and had a mortality rate of 69%. In this series 
all patients with type 1 EPN who survived had either 
nephrectomy or surgical drainage; 46% of the patients who 
died received medical therapy alone. 

Radiologic studies including plain films, excretory urog- 
raphy, and CT aid in the diagnosis of these conditions and 
especially in distinguishing gas-containing renal abscesses 
from gas in the collecting system or in the renal 
parenchyma. EPN has three sequential stages. Initially, a 
mottled lucency may be present extending radially along the 
renal pyramids. In more extensive renal emphysema, air 
may be found in a bubbled pattern within the parenchyma 
and associated air is found within the confines of Gerota’s 
fascia. As the process ensues, air diffusely infiltrates the renal 
parenchyma and extends beyond the confines of Gerota’s 
fascia within the retroperitoneum. These changes are well 
demonstrated by CT. Intramural gas or gas within the col- 
lecting system is usually also well shown on CT, on which it 
can be distinguished from parenchymal air, even in kidneys 
that fail to excrete contrast medium. 
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FIGURE 7.22. A: Twelve-hour delayed film from an excretory urogram demonstrates a persistent 
nephrogram in the right kidney with air in the walls of the renal pelvis and proximal ureter. B: 
Computed tomography scan clearly demonstrates the mural location of the air. 


Renal Fistula 


A renoalimentary fistula may result from Crohn’s disease, 
from tumors in the kidney or the gastrointestinal tract, or 
from severe renal trauma. Most commonly, however, renal 
fistulae occur as a result of renal inflammatory disease. 
Usually fistulae develop between the kidney and the colon 
(Fig. 7.23), but the duodenum (Fig. 7.24), the stomach, 
and the distal small bowel also may be involved. The site 
of fistulization is principally determined by the anatomic 
proximity of the organ to the kidney. Renocutaneous fis- 
tulae and fistulae to the pleura or lung also have been 


described. 


FIGURE 7.23. Renocolic fistula. A: Initial computed tomography (CT) demonstrates a large hy- 
dronephrotic left kidney which displaces and compresses the left colon (/arge arrow). Thickening 
of Gerota’s fascia (small arrow) is also present. B: Repeat CT, prior to any surgical intervention, 
demonstrates decompression of the hydronephrosis with air in the collecting system as a result of 
fistulization to the left colon. The point of fistula formation is demonstrated (arrow). (From 
Parvey HR, Cochran ST, Payan J, et al. Renocolic fistulas: complementary roles of computed to- 
mography and direct pyelography. Abdom imaging 1997;22 : 96-99, with permission.) 


Renal fistulae occur in the setting of renal or perinephric 
abscesses or pyonephrosis, usually complicated by the pres- 
ence of calculi. In the older literature, renal tuberculosis was 
described as the causative factor in 25% of the cases. 

Although CT will generally be the first study obtained in 
such patients, CT will rarely demonstrate the fistula di- 
rectly. Indirect signs, such as the presence of gas within the 
collecting system, may be found, but the diagnosis of the re- 
nal fistula will almost always require retrograde or antegrade 
pyelography because the severe inflammatory disease requi- 
site for the development of the fistula will preclude suffi- 
cient contrast material excretion for visualization on urogra- 
phy. A single case of a renocolic fistula in association with 
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FIGURE 7.24. A: Anteroposterior and (B) lateral radiographs after nephrostomy tube placement 


demonstrate a pyeloduodenal fistula (arrow). 


xanthogranulomatous pyelonephritis diagnosed by CT has 
been reported. 


Xanthogranulomatous Pyelonephritis 


Xanthogranulomatous pyelonephritis (XGP) is a relatively 
uncommon form of renal inflammatory disease character- 
ized histologically by the presence of lipid-laden 
macrophages (xanthoma cells), as well as other inflamma- 
tory cells including plasma cells, leukocytes, and histiocytes. 
The classically described triad of findings include: (a) a 
staghorn calculus, (b) absent or diminished excretion of 
contrast medium on urography, and (c) a poorly defined re- 
nal mass. The signs and symptoms of the disease are non- 
specific; fever, malaise, flank pain or tenderness, weight loss, 
and leukocytosis are the most common presenting com- 
plaints. Lower urinary tract symptoms (frequency, dysuria) 
are present in only one-half of patients. Anemia is present in 
70% of patients; approximately 25% of patients demon- 
strate abnormalities in liver function tests; and about 10% 
of patients have underlying diabetes mellitus. Some series 
report a female preponderance in XGP as high as 4:1. While 
most patients range from 45 to 65 years of age, patients as 
young as 5 years of age have been reported. Active urinary 
tract infection with E. coli, P. mirabilis, Klebsiella, or P. 
aeruginosa alone or in combination is present in virtually ev- 
ery case. Before the advent of cross-sectional imaging, the 
diagnosis of XGP was rarely established preoperatively. 
XGP probably represents an uncommon reaction by the 
kidney to urinary tract obstruction in the presence of uri- 
nary tract infection. The obstruction is usually secondary to 
a calculus (75%), but less commonly may be secondary to a 
congenital ureteropelvic junction obstruction or a ureteral 
tumor. Symptoms of XGP are generally of long duration; 


symptoms are present in 40% of patients for greater than 6 
months; from 1 to 6 months in another 40% of patients; 
and less than 1 month in only 20% of patients. Rarely, XGP 
may present as a fulminant illness and may be accompanied 
by an acute renal abscess. Total or partial nephrectomy is the 
usual treatment. 


XANTHOGRANULOMATOUS 
PYELONEPHRITIS 


m Lipid-laden macrophages (xanthoma cells) 
m Obstructing stone (often staghorn) 

m Nonfunctioning kidney 

m Female preponderance 


Two forms of XGP have been described. The most com- 
mon form (85%) results in diffuse involvement of the af- 
fected kidney. Diffuse XGP may be staged as follows: stage 
I, involvement is limited to the kidney; stage I, involve- 
ment extends to the renal pelvis or the perirenal fat within 
Gerota’s fascia; stage III, involvement extends beyond 
Gerota’s fascia into the retroperitoneum, other organs, or 
both. Rarely, a renoalimentary fistula also may be present. 

The localized form of XGP (15%) is much less common; 
in such cases, the inflammatory process is limited to a por- 
tion of the kidney. This form is sometimes referred to as the 
“tumefactive” form of XGP, because the findings are more 
easily confused with a renal tumor (Fig. 7.25). The majority 
of cases of both forms of XGP demonstrate extensive per- 
inephric inflammation. 

Plain abdominal radiography demonstrates the staghorn 
calculus. Loss of the psoas margin may be present but, as in 
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FIGURE 7.25. Localized xanthogranulomatous pyelonephritis. A: Noncontrast computed tomog- 
raphy shows a mass that contains punctate calcification projecting from the anterior margin of 
the kidney. B: After contrast, inhomogeneous enhancement is present. The findings cannot be 
distinguished from those of a localized renal cell carcinoma. 


perinephric abscess, is not a reliable sign. Urography 
demonstrates absent or reduced excretion of the contrast 
medium in 85% of the cases. Where excretion sufficient for 
visualization is present, hydronephrosis is generally evident. 
Retrograde pyelography may be performed to demonstrate 
the point of obstruction. The calyces may be grossly irregu- 
lar, with evidence of superimposed papillary necrosis (Fig. 
7.26). Angiography, which is no longer routinely em- 
ployed, shows marked splaying of the intrarenal branch ves- 
sels around avascular zones of tissue. In some cases neovas- 
cularity, reminiscent of a renal adenocarcinoma, may be 
found. Enlargement of the capsular branches, reflecting peri- 
nephric extension of the inflammatory process, may be pre- 
sent. 

Sonography demonstrates diffuse renal enlargement with 
a central echogenic focus representing the staghorn calculus. 
Acoustic shadowing from the stone is, however, not always 
present; this has been attributed to the presence of dense 
peripelvic fibrosis. The renal parenchyma demonstrates a 
diffuse anechoic pattern that corresponds to the areas of in- 
flammatory reaction or abscess. In some cases, however, the 
infected parenchyma may produce an echo pattern similar 
to that produced by normal renal parenchyma and is a 
source of potential confusion. The calyces may be seen as 
multiple fluid-filled masses with echo-producing debris in a 
picture indistinguishable from pyonephrosis. 

While the CT findings in XGP (Fig. 7.26) are not spe- 
cific for the disease, they usually strongly suggest the correct 
diagnosis. The kidney is diffusely enlarged, but retains its 
reniform shape. The renal pelvis is characteristically poorly 
defined or normal in size, unless there is concomitant 
ureteropelvic junction obstruction. One or more calculi are 
generally present, and there may be small flecks of parenchy- 
mal calcification as well. There are high-density areas at the 
periphery of the kidney representing atrophic parenchyma 


with inflamed columns of Bertin rimming low-attenuation 
central areas representing dilated calyces filled with pus and 
necrotic material. Subramanyam and coworkers have sug- 
gested that the pus in patients with XGP will demonstrate 
an attenuation that ranges from —15 to +10 HU, where the 
negative values reflect the lipid-laden macrophages that 
characterize the disease process. Other investigators have 
found that the attenuation of the pus in XGP is indistin- 
guishable from that found in conventional renal or per- 
inephric abscesses. Contrast-enhanced scans demonstrate 
hyperemia at the periphery of the kidney, around the ca- 
lyces, and in the renal fascia. The degree of extension to the 
perinephric space, the posterior pararenal space, the psoas, 
or the muscles of the back, is well demonstrated (Fig. 7.26). 
In the tumefactive form of XGP, CT may demonstrate a lo- 
calized water-density mass that contains a calculus. In other 
cases, the findings are identical to that produced by diffuse 
XGP, albeit localized to one portion of the kidney. 


Malacoplakia 


Malacoplakia is an uncommon form of granulomatous renal 
inflammatory disease characterized histologically by the 
presence of distinctive histiocytes (von Hansemann’s cells) 
that contain basophilic staining inclusions called Michaelis- 
Gutmann bodies. These inclusions are thought to represent 
phagocytized fragments of bacteria. It has been postulated 
that malacoplakia represents an enzymatic defect within the 
histiocytes such that intracellular digestion of the phagocy- 
tized bacteria is incomplete. Malacoplakia may occur 
throughout the urinary tract, as well as in a variety of other 
organs including the gastrointestinal tract, uterus, vagina, 
adrenal gland, breast, skeleton, and brain. Renal parenchy- 
mal malacoplakia (RPM) accounts for 16% of the reported 
cases in the urinary tract. 
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FIGURE 7.26. Xanthogranulomatous pyelonephritis in a 52-year-old woman with Proteus 
mirabilis infection. A: Plain radiograph demonstrates bilateral staghorn calculi. B: Computed to- 
mography demonstrates gross hydronephrosis with extension of the inflammatory process to the 
perinephric space (arrow). C: Retrograde pyelogram demonstrates filling defects in the renal 
pelvis and calyces from the calculi and gross papillary necrosis secondary to infection. 


RPM occurs in women four times as frequently as in 
men. Patients ranging in age from as young as 6 weeks to 85 
years have been reported. The peak incidence occurs in pa- 
tients older than 50 years of age. Fever, flank pain, and a pal- 
pable flank mass are the most common presenting com- 
plaints. Most patients have active urinary tract infection (E. 
coli in 90%). Patients often have a history of altered host re- 
sistance including autoimmune disease, alcoholism, carci- 
noma, or rheumatoid arthritis. 

Two forms of RPM have been described. Multifocal in- 

. volvement occurs in 75% of patients and is reported to be 
bilateral in one-half of these patients. The kidney is enlarged 
and contains multiple yellow-brown masses that range in 
size from a few millimeters to a few centimeters. Unifocal 
RPM (25% of the cases) presents as a solitary mass ranging 
in size from 2 to 8 cm that is sharply demarcated from the 
remainder of the kidney. 

The radiologic findings depend on the pattern of involve- 
ment. With multifocal RPM, diffuse enlargement of the kid- 
ney is found frequently. Excretion of contrast medium is di- 
minished in more than one-half of the cases, presumably 
secondary to extensive renal parenchymal replacement. In 


some cases, the urogram may demonstrate a mass compress- 
ing the calyces. Sonography may demonstrate multiple ill- 
defined masses of varying echogenicity. CT demonstrates 
multiple soft tissue masses within the kidney that enhance 
less than normal renal parenchyma. Extension of the inflam- 
matory process into the retroperitoneum also may be 
demonstrated (Fig. 7.27A). Angiography demonstrates 
stretching of intrarenal branch vessels with an inhomogene- 
ous angiographic nephrogram (Fig. 7.27B). Neovascularity 
of the parenchymal masses may be present, making differen- 
tiation from renal tumors difficult. Renal vein thrombosis 
complicating multifocal RPM also has been described. 

With unifocal RPM, the dominant radiographic findings 
are those of a mass. On urography, the mass is indistin- 
guishable from those produced by renal tumors or other in- 
flammatory conditions. The ultrasonographic features are 
those of a complex mass. 

Because the radiographic findings in malacoplakia are 
not specific, the diagnosis is only rarely established preoper- 
atively. Major organ involvement is reported to have a 50% 
mortality. Nephrectomy is the usual treatment for unilateral 
disease. With bilateral disease, renal failure is common. 
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FIGURE 7.27. Renal parenchymal malacoplakia. A: Computed tomography scan shows a large, 
inhomogeneous, poorly marginated mass arising from the posterior aspect of the left kidney. 
There is extension into the perinephric space and left flank. B: Nephrogram phase from a selec- 
tive renal angiogram shows a diffusely inhomogeneous nephrogram consistent with the multifo- 
cal form of involvement. (Courtesy of Davis S. Hartman, MD, and the Armed Forces Institute of 
Pathology.) 


Chronic Pyelonephritis 


The term chronic pyelonephritis is used to denote a set of 
morphologic changes in the adult kidney that result from a 
previous episode of acute renal infection. As such, the term 
chronic pyelonephritis is a source of confusion in that it im- 
plies an indolent or recurrent state of infection. Because this 
is not the case, many authorities believe that the term 
chronic atrophic pyelonephritis or the etiologic appellation, 
reflux nephropathy, is better suited to describe the morpho- 
logic changes that occur. 

Much of the current understanding of the pathology of 
chronic pyelonephritis derives from the work of the late C. 
J. Hodson, who extensively investigated the relationship be- 
tween renal parenchymal scarring, vesicoureteral reflux, and 
renal infection. Hodson proposed that the parenchymal 
scarring that characterizes chronic pyelonephritis is actually 
the result of vesicoureteral reflux and the subsequent reflux 
of urine back into the renal tubules, a process known as in- 
trarenal reflux. He demonstrated experimentally in pigs that 
intrarenal reflux of infected urine produced pathologic 
changes in the kidney identical to those found in chronic 
pyelonephritis. Thus, chronic atrophic pyelonephritis may 
be thought of as the residua of a previous episode of acute 
pyelonephritis. 

Ransley and Risdon, expanding on the work of Hodson, 
discovered that the anatomy of the papilla was the deter- 
mining factor governing its propensity for intrarenal reflux. 
In a simple papilla, the openings of the papillary ducts are 


slit-like; when there is elevated pressure in the collecting sys- 
tem as a result of vesicoureteral reflux, these slit-like orifices 
close and no intrarenal reflux occurs. However, in the com- 
pound calyces found in the polar regions of the kidney, the 
orifices of the ducts of Bellini tend to be circular; when in- 
trapelvic pressure increases, these circular openings allow in- 
trarenal reflux to occur. Further observations have shown 
that the shape of the opening of the papillary ducts is not 
uniform in all compound calyces; some are more prone to 
reflux than others. 

Intrarenal reflux of infected urine causes an acute inflam- 
matory reaction in the renal parenchyma that overlies that 
papilla. This ultimately results in parenchymal scarring, 
which extends throughout the thickness of the renal cortex 
and causes retraction of the overlying calyx. Scarring associ- 
ated with this intrarenal reflux has a characteristic appear- 
ance; it must extend through the entire thickness of the re- 
nal parenchyma and must be associated with deformity of 
the calyx adjacent to the scar. Scarring associated with reflux 
nephropathy has been thought to most commonly occur in 
early childhood, usually before the age of 4 years. Except in 
severe cases, older children and adults have been assumed to 
recover from an episode of intrarenal reflux without perma- 
nent structural damage to the kidney. Thus, the radiologic 
picture in the adult often reflects disease in early childhood. 
Experience based on CT findings suggests that scarring 
from acute pyelonephritis occurs in adults more commonly 
than has been thought. Indeed, recent data has challenged 


the notion that the majority of scarring occurs in early 
childhood. Benador and coworkers have suggested that a 
higher percentage of older children with documented 
pyelonephritis develop scars based on renal DMSA scintig- 
raphy than do infants. 

The question regarding whether changes of reflux 
nephropathy also can develop as a result of reflux of unin- 
fected urine is unsettled. Although most authorities believe 
that urinary tract infection is an essential component of this 
process, experimental evidence indicates that scarring from 
high-pressure intrarenal reflux can occur with sterile urine. 
Indeed, reflux of sterile urine in utero has been postulated as 
the etiology of the Ask-Upmark kidney, a segmental hy- 
poplastic renal anomaly. 

A small number of adults with characteristic changes of 
reflux nephropathy present with a clinical picture of renin- 
mediated hypertension. If the process is bilateral, renal fail- 
ure also may occur. Thus, the importance of detecting sig- 
nificant vesicoureteral reflux in children with urinary tract 
infections is underscored. 

The radiologic findings in chronic pyelonephritis on 
urography include the demonstration of one or more 
parenchymal scars typically in the upper pole of the kidney 
overlying a deformed calyx (Fig. 7.28). Focal areas of com- 
pensatory hypertrophy may be seen adjacent to the areas of 
cortical scarring. The intervening areas of the kidney appear 
normal. In less severe cases, only an area of parenchymal 
thickening will be present and no adjoining calyceal abnor- 


FIGURE 7.28. A nephrotomogram from an excretory urogram 
shows parenchymal scarring (arrow) associated with calyceal 
clubbing as a result of reflux nephropathy into the lower pole 
moiety of a duplicated collecting system. 
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FIGURE 7.29. Chronic pyelonephritis. An enlarged computed to- 
mography examination reveals marked parenchymal loss (arrow) 
associated with a blunted calyx. 


mality will be found. It is not possible, in such cases, to be 
certain of the etiology of the parenchymal abnormality be- 
cause other causes of parenchymal scarring (i.e., renal in- 
farction) may produce an identical appearance. A definitive 
diagnosis can be established only when the characteristic ra- 
diologic picture is present. 

Ultrasound changes in patients with chronic atrophic 
pyelonephritis include a focal loss of parenchyma, which can 
be appreciated on longitudinal or cross-sectional images. 
Increased echogenicity in the area of the scar also may be 
demonstrated. The central renal sinus echoes may be ex- 
tended to the periphery of the kidney in the area of abnor- 
mality. In contrast to other causes of generalized increased 
cortical echogenicity, the process appears focal. Similarly, 
anatomic abnormalities also may be demonstrated on CT 
(Fig. 7.29), but the degree to which the calyceal deformity 


is present may not be appreciated on this study. 


RENAL TUBERCULOSIS 


Renal tuberculosis results from hematogenous dissemina- 
tion of Mycobacterium tuberculosis from a distant site, usu- 
ally in the lungs or bones. Bacilli lodge in the corti- 
comedullary junction of the kidney, where most heal 
without sequela. Because the initial lesions occur as a result 
of hematogenous dissemination, multiple bilateral lesions 
are initially produced; in approximately three-fourths of the 
cases, however, active tuberculomas form in only one kid- 
ney. The lesions then progress along the nephron to rupture 
into the pelvocalyceal system. 

While there has been a decline in the incidence of pul- 
monary tuberculosis in nonimmunosuppressed patients, the 
incidence of extrapulmonary tuberculosis has remained un- 
changed. New cases continue to be diagnosed in the United 
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States, particularly among the immigrant population. A his- 
tory of tuberculosis in another site is present in virtually all 
cases; however, that site may be inactive at the time of pre- 
sentation with renal involvement. Kollins and associates re- 
port that evidence of pulmonary tuberculosis is found on 
chest radiography in only about 50% of patients with active 
urinary tract infection. Active pulmonary disease is present 
in coexistence with the renal lesions in approximately 10% 
of patients. 

Within the urinary tract, the renal lesions progress in an 
indolent fashion, often producing little clinical symptoma- 
tology until the entire urinary tract is affected. As such, 
lower urinary tract symptoms including frequency, dysuria, 
and nocturia are the most common presenting complaints. 
About one-fourth of the patients have gross hematuria. 
Approximately 10% of the patients will be completely 
asymptomatic, but will be found on examination to have the 
classic laboratory findings of sterile pyuria—the presence of 
white blood cells in the urine with subsequently sterile cul- 
tures on conventional culture media. Generalized constitu- 
tional symptoms are unusual; in one series, they were pre- 
sent in less than 10% of the cases. The radiologic findings in 
renal tuberculosis depend on the extent of the disease pro- 
cess. In one-third of the patients in Kollins’ series, plain film 
examination provided evidence of extraurinary tract tuber- 
culosis that alerted the radiologist to the presence of the dis- 
ease. Such findings include evidence of skeletal tuberculosis 
in the hip or sacroiliac joints, or in the spine, with or with- 
out a paraspinous abscess, and calcification in abdominal or 
retroperitoneal lymph nodes. 

Radiologic abnormalities (Table 7.1) are demonstrated 
in the majority of cases of renal tuberculosis. In approxi- 
mately 10% of the cases in Kollins’ series, however, urogra- 
phy was considered normal even when active infection was 
demonstrated with positive urinary cultures. Urographic ab- 
normalities are described in the following paragraphs. 


Papillary Abnormalities 


In the earliest stages of renal tuberculosis, the tips of the 
papilla demonstrate a moth-eaten, irregular appearance. As 
the disease progresses, extensive papillary necrosis may be 
present with the formation of frank cavities, which may 
communicate with each other as a result of caseous necrosis 
within the renal parenchyma. 


TABLE 7.1. CHARACTERISTICS OF 
RENAL TUBERCULOSIS 


Parenchymal calcification 
Parenchymal scars 

Papillary necrosis 

Infundibular strictures 
Nonfunction (autonephrectomy) 


Parenchymal Calcification 


Calcification occurs throughout the renal parenchyma in 
approximately one-third to one-half of the cases. Two types 
of calcification are described: (a) an amorphous granular 
opacity associated with granulomatous masses, and (b) 
dense, punctate calcifications that represent healed tubercu- 
lomas. In addition, approximately 20% of the patients 
demonstrate renal calculi. 


Parenchymal Scarring 


Parenchymal scarring may be present in 20% of the cases 
and may be localized to a single area of the kidney or may 
involve the entire kidney. The scars are generally associated 
with underlying calyceal abnormalities and parenchymal 
calcifications. 


Calyceal Abnormalities 


The hallmark of renal tuberculosis is the development of 
multiple irregular infundibular stenoses or strictures with 
subsequent hydrocalycosis (Figs. 7.30-7.33). When the 
strictures are complete, the entire calyx may be excluded 
from the remainder of the collecting system. The renal 
pelvis is typically small and contracted. These stenoses are 
the result of fibrosis that accompanies the healing process. 
The degree to which these changes will be shown on 
urography depends on the degree to which renal function is 
compromised. In more than 50% of cases, renal function is 


S 


FIGURE 7.30. Renal tuberculosis. Excretory urography shows 
mild clubbing of the calyces of the right kidney with subtle stric- 
tures of the distal right ureter (arrow). Strictures also are present 
in the proximal ureters bilaterally. 


FIGURE 7.31. Renal tuberculosis. Retrograde pyelogram shows 
multiple infundibular stenoses and papillary necrosis characteris- 
tic of tuberculosis. 


sufficiently compromised at the time of presentation, so that 
either antegrade or retrograde pyelography is necessary. 
Because a majority of cases are associated with inflammatory 
changes in the urinary bladder as well, retrograde catheteri- 
zation of the ureteral orifices may be difficult or impossible. 
Advanced renal tuberculosis presents with a nonfunctioning 
kidney—the “autonephrectomy” (Fig. 7.33). Extensive 
parenchymal calcification is typically present in such cases. 
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FIGURE 7.33. Nonfunctioning right kidney containing multiple 
course calcifications representing a tuberculous autonephrec- 
tomy. 


In other cases where poor excretion of contrast medium is 
demonstrated, a tuberculous pyonephrosis (Fig. 7.32) will 
be present as a result of obstruction from extensive ureteral 
stricture formation. 

Because demonstration of the typical calyceal and 
ureteral abnormalities is critical to establishing the diagnosis 
of renal tuberculosis, conventional radiologic contrast stud- 
ies remain the procedures of choice. While calyceal clubbing 
may be demonstrated by CT (Fig. 7.34), the delineation of 
infundibular stenoses may be difficult on cross-sectional 


FIGURE 7.32. Renal tuberculosis. A: Excretory urography demonstrates multiple lucencies in the 
left kidney that represent dilated, but unopacified calyces (negative pyelogram). B: Antegrade 
pyelogram shows characteristic infundibular stenoses, calyceal dilation, and a contracted renal 
pelvis. Strictures also are present in the proximal ureter. 
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FIGURE 7.34. Renal tuberculosis. Computed tomography shows 
low attenuation areas representing dilated calyces secondary to 
infundibular stenoses. 


imaging. Sonography will also rarely demonstrate specific 
features of renal tuberculosis. The parenchyma may demon- 
strate intrarenal masses of varying echogenicity that repre- 
sent liquefying tuberculous cavities. A sonographic clue to 
the diagnosis is the demonstration of dilated calyces without 
commensurate dilation of the renal pelvis. 


UNCOMMON RENAL INFECTIONS 
Fungal Infections 


Fungal diseases of the kidney develop as opportunistic in- 
fections occurring principally in the setting of altered host 
resistance from such diverse entities as diabetes mellitus, the 
use of systemic antibiotics, immunosuppressive and 
chemotherapeutic agents, the use of indwelling intravenous 
or urinary catheters, acquired immunodeficiency, and renal 
transplantation. Renal involvement most commonly occurs 
with infections secondary to Candida albicans or other 
Candida spp., but has been reported in association with 
Coccidiomycosis immitis, Cryptococcus neoformans, Torulopsis 
glabrata, and Aspergillus fumigatus. Fungal infections also 
may complicate conventional gram-negative urinary tract 
infections. 


CANDIDIASIS 


Candida is an ubiquitous organism normally found in the 
pharynx, the gastrointestinal tract, or vagina. Two patterns 
of renal involvement with Candida have been described. In 
systemic candidiasis, infection is spread to the kidneys as a 
result of hematogenous dissemination of the organisms with 
involvement of the kidneys and multiple other organs, in- 
cluding the brain and lungs. The patient is desperately ill 
with fever, leukocytosis, splenomegaly, and azotemia. 
Disseminated candidiasis is invariably fatal if not treated. 
Primary renal candidiasis occurs without associated 
hematogenous or other major organ involvement. It is a less 
fulminant illness than renal involvement associated with 
systemic candidiasis. Most of the reported patients with pri- 


mary renal candidiasis have been women, and there is a 
strong association with diabetes mellitus. The pathogenesis 
of primary renal candidiasis also is thought to be a result of 
hematogenous dissemination of the organism, but in a mild 
form. Ascending spread from the lower urinary tract also has 
been implicated. In many of the reported cases, however, 
asymmetric involvement of the kidneys is present with 
demonstrable lesions in only one kidney. The fungi are fil- 
tered by the glomerulus and lodge in the distal tubules. 
Proliferation of the fungi results in multiple medullary and 
cortical abscesses, producing an acute fungal pyelonephritis. 
There is a diffuse fungal infiltration of the tips of the renal 
papilla, producing papillary necrosis. The fungi are then ex- 
truded into the renal collecting system with subsequent for- 
mation of fungus balls (mycetomas), which may then ob- 
struct the renal pelvis or ureter, producing hydronephrosis 
or renal colic. With severe infection, renal failure may ensue. 
The diagnosis is established by the demonstration of the 
fungal hyphae on direct examination of the urine. Fungal 
infections, particularly candidiasis, are common among in- 
fants of low birth weight who have decreased cellular im- 
munity and who have received multiple courses of broad- 
spectrum antibiotics (Fig. 7.35). Most such cases are seen in 
infants with an underlying pulmonary disorder such as hya- 
line membrane disease or bronchopulmonary dysplasia. 
Radiologic findings include diminished excretion of con- 
trast medium on urography, papillary necrosis, and hy- 
dronephrosis. The characteristic finding of candidiasis is the 
demonstration of multiple filling defects ranging in size 
from 1 to 4 cm within the collecting system representing 
fungus balls (Fig. 7.36). Scalloping of the ureters related to 
submucosal edema, analogous to the changes in the esopha- 
gus produced by oral thrush, also has been reported. With 


FIGURE 7.35. Renal candidiasis in a 28-week-old premature in- 
fant being treated with broad-spectrum antibiotics. Multiple 
nonshadowing fungus balls (mycetomas) are present within the 
dilated calyces. 
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FIGURE 7.36. Renal candidiasis. A: Excretory urography demonstrates papillary necrosis in the 
left kidney with multiple small filling defects (arrows) representing fungus balls. B: Cystogram in 
the same patient shows multiple large fungus balls. 


diminished renal function, antegrade or retrograde pyelog- 
raphy may be necessary to demonstrate changes in the renal 
collecting system. On ultrasound, the fungus balls may be 
recognized as hyperechoic masses within the collecting sys- 
tem with no acoustic shadowing (Fig. 7.35). On CT, low- 
attenuation lesions represent microabscesses that are best 
demonstrated after intravenous contrast administration. 
Percutaneous nephrostomy with percutaneous removal 
of the fungus balls has been reported as an adjunctive ther- 


apy. 


Other Fungal Infections 


Infection with coccidiomycosis occurs as a result of an active 
focus of infection elsewhere, usually in the lungs. Renal 
manifestations including papillary necrosis, cavitation, and 
parenchymal calcification have all been reported. 
Cryptococcus infection may produce cavitation, papillary 
necrosis, and multiple parenchymal abscesses. 


Brucellosis 


Brucellosis of the kidney occurs primarily in meat packers or 
from the ingestion of unpasteurized milk. The renal infec- 
tion occurs as a result of hematogenous dissemination of the 
organism. The renal involvement is radiologically similar to 
that produced by tuberculosis with extensive calcification, 
cavitation, and infundibular strictures. 


Actinomycosis 


Actinomycosis of the kidney usually occurs as a result of in- 
fection of the gastrointestinal tract that spreads to the kid- 
ney through a renoalimentary fistula or by fistulization 


through the diaphragm from the lung. The causative organ- 
ism, Actinomycosis israelit, while producing mycelial colonies 
similar to fungi, is actually a bacterium usually sensitive to 
penicillin. Infection may result in acute pyelonephritis, py- 
onephrosis, or a granulomatous renal abscess. 


Hydatid Disease 


Renal hydatid disease is caused by infestation by a tape- 
worm, usually Echinococcus granulosus. Dogs or other ca- 
nines constitute the primary host for the disease. The eggs of 
the worm are swallowed, hatch in the gastrointestinal tract, 
and then enter the portal circulation, where the oncospheres 
lodge in multiple organs, mainly the liver and lungs. Renal 
involvement occurs in only approximately 2% to 3% of pa- 
tients, and may be primary or secondary. In primary hydatid 
disease, the worms reach the kidney through the arterial cir- 
culation; in secondary renal infestation, the worms spread to 
the urinary tract as a result of involvement of an adjacent or- 
gan, such as the liver. 

Within the kidney, the worms form a characteristic 
three-layered hydatid cyst that may grow rapidly and de- 
stroy the kidney or may progress very slowly, producing 
minimal clinical symptoms. One or more daughter cysts 
may form from the mother cyst. Symptoms of renal in- 
volvement are nonspecific, but include flank pain, renal 
colic, and eosinophilia. At the time of presentation, the av- 
erage hydatid cyst is approximately 8 cm in diameter. 

Radiologic manifestations include a well-defined soft tis- 
sue mass in the renal fossa on plain films. Curvilinear calci- 
fication is present in the wall of the cyst in approximately 
one-third of the cases. On urography, distortion of the renal 
pelvis or calyces may be evident (the “crescent sign”). 
Communication between the cyst and the collecting system 
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results in a characteristic appearance, especially when filling 
of the daughter cysts (the “bunch of grapes” sign) is present. 
Extensive renal destruction may result in a nonfunctioning 
kidney. 

On sonography, hydatid cysts appear as round, homoge- 
neous, echo-free masses. The presence of daughter cysts may 
be readily identified. Dependent echoes within the cyst sec- 
ondary to hydatid sand (hooks, scolices, and brood capsules 
of the worms) may be present. When the patient is moved 
or changes position, movement of these echoes produces the 
“falling snowflake” sign, said to be pathognomonic of the 
disease. 

The advisability of diagnostic cyst puncture in hydatid 
disease has been debated for many years. While such a pro- 
cedure is diagnostic, concern that the puncture will cause 
spread of the disease to uninfected areas has been raised. In 
addition, venous intravasation of the cystic fluid has been 
reported to cause acute anaphylaxis. 


RENAL MANIFESTATIONS OF AIDS 


A wide variety of abnormalities (Table 7.2) may be found in 
the kidneys of patients with acquired immune deficiency 
syndrome (AIDS). Nonspecific imaging findings including 
nephromegaly, increased or decreased echogenicity, 
parenchymal calcification, hydronephrosis, infarction, and 
acute pyelonephritis have been reported. Studies have sug- 
gested that patients with AIDS as a result of intravenous 
drug abuse are more likely to have renal abnormalities than 
patients with sexually transmitted forms of AIDS. Human 
immunodeficiency virus (HIV) nephropathy, the most 


TABLE 7.2. RENAL MANIFESTATIONS 
OF AIDS 


Immunologic 
Hemolytic~uremic syndrome 
HIV nephropathy/nephrotic syndrome 
Vasculitis 
Infections 
Candidiasis 
Cryptococcosis 
Cytomegalovirus 
Mucormycosis 
Pyogenic infection 
Pneumocystis carinii infection 
Tuberculosis 
Miscellaneous 
Interstitial nephritis/drug toxicity 
Amyloidosis 
Neoplasms 
Kaposi's sarcoma 
Lymphoma 
Renal adenocarcinoma 
Vascular 
Cortical necrosis 
Renal infarction 


common form of renal dysfunction associated with AIDS, is 
discussed in Chapter 11. 


Opportunistic Infections 


HIV infection results in an increased susceptibility to both 
opportunistic and pyogenic renal infections as a result of 
depletion of T-helper lymphocytes. Among the opportunis- 
tic infections, Pneumocystis carinii, although usually thought 
of primarily as a pulmonary disease, is becoming more com- 
mon in extrapulmonary sites because of the widespread use 
of pentamidine inhalers for prophylaxis. The disease may 
spread by hematogenous and lymphogenous dissemination 
to a variety of organs, including the kidneys. Punctate renal 
calcifications (Fig. 7.37) are characteristic of renal involve- 
ment, but have been reported in Mycobacterium avium-in- 
tracellulare (MAI) and cytomegalovirus infection as well. 
The calcification, unlike tuberculosis or candidiasis, may be 


FIGURE 7.37. Pneumocystitis carinii infection. A: Longitudinal 
ultrasound of the right kidney shows multiple focal areas of in- 
creased echogenicity. B: The presence of punctate bilateral renal 
calcification is confirmed by computed tomography. (Courtesy of 
Alec J. Megibow, MD.) 


present in both active and inactive disease. MAI infection is 
reported in approximately 5.5% of patients with AIDS. The 
symptoms of MAI are nonspecific and include fever, gener- 
alized lymphadenopathy, and anorexia. Focal echogenic le- 
sions in the kidneys on sonography, as well as the develop- 
ment of renal abscesses, are reported. Disseminated 
candidiasis may result in acute pyelonephritis, parenchymal 
microabscesses, and the development of fungus balls. Other 
opportunistic infections in patients with AIDS include tu- 
berculosis, mucormycosis, and cryptococcosis. 


Renal Neoplasms 


Renal lymphomas associated with HIV infection are usually 
of the highly aggressive non-Hodgkin’s type and have a poor 
prognosis. The most common manifestation is bilateral dis- 
crete parenchymal masses, ranging in size from 1 to 3 cm. 
Generalized lymphadenopathy with or without ureteral ob- 
struction is generally present. In a review of 110 patients 
with untreated AIDS-related lymphoma, Radin and associ- 
ates found renal involvement in 11% of the patients. Renal 
involvement with Kaposi’s sarcoma, although the most 
common neoplasm associated with HIV infection, is gener- 
ally microscopic and, therefore, is seldom demonstrated on 
imaging studies. Bulky retroperitoneal lymphadenopathy 
and/or diffuse tumor infiltration in the retroperitoneum 
may, however, be associated with ureteral obstruction. 
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NEPHROCALCINOSIS AND 
NEPHROLITHIASIS 


NEPHROCALCINOSIS 

Cortical Nephrocalcinosis 

Medullary Nephrocalcinosis 
Hyperparathyroidism 
Renal Tubular Acidosis 
Milk Alkali Syndrome 
Medullary Sponge Kidney 


NEPHROLITHIASIS 
Specific Types of Urolithiasis 
Calcium Stones 


Cystine Stones 
Infection Stones 
Uric Acid Stones 
Xanthine Stones 
Matrix Stones 
Indinavir Stones 
Oxalate Stones 
Stone Disease in Children 
Radiology Diagnosis 


Intrarenal calcifications may lie in the renal parenchyma 
(nephrocalcinosis) or in the renal collecting system (nephro- 
lithiasis). Dystrophic calcification is calcification of abnor- 
mal tissue such as tumors, cyst walls, inflammatory masses, 
or vessels. Because dystrophic calcification is caused by the 
underlying parenchymal abnormality, it is not considered 
nephrocalcinosis. 

Nephrolithiasis is stone formation within the collecting 
system. Most stones are formed in the pelvocalyceal system 
and may be passed distally. Occasionally stones may form in 
a cavity that communicates with the collecting system, such 
as a calyceal diverticulum, in the bladder, or in a urethral di- 
verticulum. Those conditions that result in nephrocalcinosis 
often lead to nephrolithiasis. 

Because calcification is readily detected on an abdominal 
radiograph, nephrocalcinosis and nephrolithiasis are rou- 
tinely evaluated with conventional urography. When sup- 
plemented with computed tomography (CT), even rela- 
tively lucent stones are easily detected. More recently, CT 
has become the primary imaging modality for evaluating pa- 
tients with suspected acute ureteral obstruction from a 
ureteral calculus. 


NEPHROCALCINOSIS 


Calcification of abnormal tissue is termed dystrophic. 
Dystrophic calcification may occur when the solubility 
product of calcium and phosphate is exceeded because of a 
change in pH or may be part of a reparative process. This 


may occur in a large variety of lesions, but the most com- 
mon are tumor, hematoma, an inflammatory mass, and vas- 
cular abnormalities. Dystrophic calcifications will be con- 
sidered in the discussion of the specific entities. 

Calcification of normal renal tissue due to abnormally 
high levels of calcium is termed metastatic. Metastatic cal- 
cification occurs when the solubility product of calcium 
and phosphate or oxalate in the extracellular fluid is ex- 
ceeded. Certain diseases have a predilection to calcify spe- 
cific anatomic areas (Table 8.1). Thus, metastatic nephro- 
calcinosis may be further subdivided by predominant 
location. 


Cortical Nephrocalcinosis 


Cortical nephrocalcinosis is located in the periphery and 
along the central septa of Bertin. The medullary pyramids 
are spared. Cortical nephrocalcinosis may be seen on ab- 
dominal radiographs as thin peripheral lines of calcification 
(“tram lines”), diffusely dense renal shadows, or as diffuse 
punctate calcifications representing necrotic cortical tubules 
(Fig. 8.1). The cortex is echogenic on ultrasound but typi- 
cally does not have shadowing, and noncontrast CT shows 
high attenuation of the cortex. 

The most common entities to produce cortical nephro- 
calcinosis are chronic glomerulonephritis, acute cortical 
necrosis, and oxalosis. Cortical nephrocalcinosis also may be 
seen in Alport’s syndrome (hereditary nephropathy and 
deafness) (Fig. 8.2), and in some patients with a rejected 
renal transplant. Infection with Pneumocystis carinii, 


TABLE 8.1. CAUSES OF 
HYPERCALCIURIA 


Increased absorption 
Hypervitaminosis D 
Milk-alkali syndrome 
Sarcoidosis 
Beryllium poisoning 
Idiopathic hypercalciuria 

Increased mobilization from bone 
Hyperparathyroidism 
Immobilization 
Bone metastases 
Multiple myeloma 
Hyperthyroidism 
Cushing's syndrome 

Decreased tubular reabsorption 
Renal tubular acidosis 
Fanconi’s syndrome 
Wilson's disease 
Amphotericin B toxicity 


Mycobacterium avium-intracellulare (MAI), and cyto- 
megalovirus can result in multiple stippled calcifications in 
the renal cortex in patients with acquired immunodefi- 
ciency syndrome (AIDS). 

Acute cortical necrosis may be caused by ingestion of tox- 
ins such as ethylene glycol, exposure to methoxyflurane 
anesthesia, or an acute vascular insult. Both ethylene glycol 
and methoxyflurane exposure result in oxalate deposition 
that causes interstitial fibrosis. Acute hypotension may cause 
focal tubular necrosis that later calcifies; the typical clinical 
situation is placenta abruptio with hemorrhage. 

Hereditary nephritis, or Alport’s syndrome, is character- 
ized by glomerulonephritis and interstitial fibrosis, and is 
frequently associated with nerve deafness. It is inherited as 
an autosomal-dominant trait with variable penetrance. The 
disease is transmitted to both sons and daughters, but it is 
incompletely expressed in females. Hematuria often begins 
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FIGURE 8.2. Cortical nephrocalcinosis. Dense calcification is seen 
in an atrophied cortex in this patient with Alport’s syndrome. 


in childhood and mild proteinuria may be present. 
Progression to renal failure is slow, with death by the third 


to fifth decade. 


MAJOR CAUSES OF CORTICAL 
NEPHROCALCINOSIS 


m Chronic glomerulonephritis 
m Acute cortical necrosis 


m Oxalosis 


Medullary Nephrocalcinosis 


Medullary nephrocalcinosis is central in location, and spares 
the cortex. It is usually a bilateral process with multiple stip- 
pled calcifications in the characteristic medullary distribu- 
tion (Fig. 8.3); the exception is medullary sponge kidney, 


FIGURE 8.1. Cortical nephrocalcinosis. A: Abdominal radiograph shows small kidneys with dense 
cortical calcification. B: Ultrasound of the right kidney shows a very echodense cortex with nor- 
mal medullary echo pattern. Note that there is no significant shadowing. 
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which may be unilateral or segmental. On ultrasound, the 
pyramids are echogenic and may or may not have shadow- 
ing, depending on the size of the calcifications (Fig. 8.4). 
CT clearly shows the high-attenuation calcifications in the 
medulla. 

The most common etiologies to produce medullary 
nephrocalcinosis are hyperparathyroidism and renal tubular 
acidosis. Other relatively common causes include tubular 
ectasia (medullary sponge kidney), the milk—alkali syn- 
drome, sarcoidosis, vitamin D intoxication, and a variety of 
nephrotoxic drugs such as amphotericin B. 


FIGURE 8.3. Medullary nephrocalcinosis. A: 
Abdominal radiograph reveals dense aggregates of 
calcifications in the regions of the papillae bilater- 
ally. A stone has passed into the proximal ureter on 
the left (arrow). These dense aggregates are typical 
of renal tubular acidosis. B: Multiple, highly 
echogenic foci in the region of the renal pyramids 
with shadowing are detected on ultrasound. C: An 
unenhanced computed tomographic section 
through the left kidney shows dense calcification in 
the medulla. 


FIGURE 8.4. Medullary nephrocalcinosis. Echogenic renal pyra- 
mids are seen on an ultrasound examination. Focal shadowing 
(arrows) is caused by a calculus. 


Hyperparathyroidism 


Hyperparathyroidism may be caused by a parathyroid 
adenoma, carcinoma, or hyperplasia of the chief cells. It is 
most commonly due to a single adenoma. Typically, the 
serum calcium level is high and the phosphate level is low. 
This helps distinguish primary hyperparathyroidism from 
secondary hyperparathyroidism resulting from chronic renal 
disease in which the serum phosphate is elevated. 


Renal Tubular Acidosis 


Patients with renal tubular acidosis (RTA) have a defect in 
the tubules that prevents the kidney from excreting an acid 
urine. Thus, the risk of stone formation is increased, as cal- 
cium salts are less soluble in alkaline urine than in an acid 
urine. In adults, primary RTA is caused by an inherited en- 
zymatic defect. The manifestations of urolithiasis, osteoma- 
lacia, and hypokalemia can be treated with alkalinizing salts. 
Secondary RTA occurs as a result of a diminished ability of 
the distal tubule to excrete hydrogen ions. Disease processes 
that cause secondary RTA by impairing hydrogen ion ex- 
cretion by the distal tubule include Fanconi’s syndrome, 
Wilson’s disease, and amphotericin B toxicity. 

Renal tubular acidosis is divided into proximal and distal 
forms. The proximal variety (type 2) of RTA does not have 
radiographic manifestations. In the distal form (type 1), the 
distal renal tubule can no longer secrete hydrogen ions. This 
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results in bicarbonate loss, reduced acid excretion, sec- 
ondary aldosteronism, and hypokalemia. Nephrocalcinosis 
occurs in approximately 75% of these patients and com- 
monly appears as dense clusters of calcifications in the 
medullary pyramids. 


Milk-Alkali Syndrome 


Nephrocalcinosis may occur in patients who consume large 
quantities of antacids and milk for the treatment of peptic 
ulcer disease. This has been termed the “milk—alkali syn- 
drome.” Alkaline urine facilitates precipitation of calcium- 
containing calculi. 


Medullary Sponge Kidney 


The stones found in medullary sponge kidney are calcium 
phosphate or calcium oxalate. They are usually small, and 
many more are present than can be detected radiographi- 
cally. These tiny stones are asymptomatic, but may cause 
colic if they migrate into the collecting system, enlarge, and 
begin to pass down the ureter. This condition is caused by 
cystic dilation of the distal collecting ducts, which causes 
stasis of urine and stone formation. Because this is an 
anatomic rather than a metabolic defect, it can occur uni- 
laterally or even segmentally in one or both kidneys. This 
type of distribution should suggest the diagnosis, as should 
a linear configuration of medullary calculi (Fig. 8.5). 


FIGURE 8.5. Medullary sponge kidney. A: Plain radiograph of the right kidney shows multiple, 
somewhat linear calcifications overlying the lower pole. B: Excretory urogram reveals the calcifi- 
cations to involve only the lower-pole calyces. Contrast medium can be seen surrounding the 
stones. (From Amis ES Jr, Newhouse JH. Essentials of uroradiology. Boston: Little, Brown, 1991:222, 


with permission.) 
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-Calculi in 
dilated 
collecting ducts 

in papilla 


FIGURE 8.6. Diagram of medullary sponge kidney. Note that the 
stones lie in the dilated distal collecting ducts. When intravenous 
contrast is given, the entire duct should be opacified, increasing 
the size of the densities in the medulla of the kidney. In other 
types of medullary nephrocalcinosis, the stones should remain 
unchanged after contrast. Further, only medullary sponge kidney 
should be segmental in nature. 


Further evidence is pooling of contrast around the stones in 
the dilated collecting ducts during excretory urography (Fig. 
8.6). 


NEPHROLITHIASIS 


Nephrolithiasis, also known as urolithiasis, is a common 
problem among people from temperate climates. 
Interestingly, a low urinary output is believed to aid in uri- 
nary tract stone formation, yet people from areas with hot 
climates such as Africa have a low incidence of stone disease. 
Perhaps those peoples are genetically less likely to form 
stones. 

In the United States, the southeastern states often are 
called the “stone belt,” because they have the highest inci- 
dence of stone disease. Hospital admissions for stone-related 
problems are twice as common in the Southeast as the rest 
of the nation. 

There are many etiologies for the production of 
nephrolithiasis including genetic predisposition, diet, occu- 
pation, and lifestyle. A high water intake resulting in an in- 
creased urinary output significantly reduces the incidence of 
stones in patients predisposed to stone formation. 

Nephrolithiasis is seen three times as often in men as in 
women. The peak age for the onset of renal stone disease is 


20 to 30 years, but the tendency for stone formation often 
is lifelong. Patients treated for nephrolithiasis are most com- 
monly between 30 to 60 years of age. 

The most common presenting symptom in nephrolithi- 
asis is renal colic, which is usually caused by an obstructing 
ureteral stone. Controversy remains whether or not calyceal 
stones cause pain. Most calyceal stones are asymptomatic, 
but occasionally their removal is associated with relief of 
pain. 

Renal colic is abrupt in onset, most frequently begins in 
the flank, and radiates to the groin. Men may complain of 
testicular pain, whereas women feel discomfort radiating to 
the labia majora. Typically, patients suffering renal colic 
cannot find a comfortable position and continue to move 
around. Patients with stones in the distal ureter may present 
with symptoms of bladder irritability. 

Hematuria is present in the vast majority of patients with 
urolithiasis, but may be absent in as many as 15% of pa- 
tients, particularly if the stone is completely obstructing, 
Pyuria is uncommon, but a culture should be obtained to 
detect a urinary tract infection. 

The probability of stone passage is related to the size of 
the stone. Approximately 90% of stones 4 mm or less in di- 
ameter pass spontaneously. 


Specific Types of Urolithiasis 
Calcium Stones 


Calcium oxalate and calcium phosphate stones crystallize 
when the product of the two ions exceeds the solubility 
product. Thus, both the amount of calcium and the amount 
of oxalate are important in determining stone formation. A 
discussion of these factors is beyond the scope of this book, 
but factors affecting hypercalciuria are presented (Table 
8.1). 

Hypercalcemia is a common cause of hypercalciuria, al- 
though it is present in a minority of patients, and may result 
from a variety of metabolic processes. An abnormally large 
amount of calcium may be absorbed from the digestive 
tract. This occurs with hypervitaminosis D, sarcoidosis, and 
the milk—alkali syndrome. Too much calcium may be mo- 
bilized from the bony skeleton. This may result from im- 
mobilization, extensive bone metastases, or hyperparathy- 
roidism. 

Ionized calcium is filtered by the glomerulus, but most of 
this free calcium is reabsorbed by tubules. However, there is 
a maximum reabsorption that can occur. If this is exceeded 
by a high calcium load in patients with hypercalcemia, hy- 
percalciuria will result. Hypercalciuria may also be idio- 
pathic; this condition is probably the most common cause 
of nephrolithiasis. 

Calcium stones are relatively dense and are usually easily 
seen on abdominal radiographs. While the large majority of 


TABLE 8.2. INCIDENCE* OF URINARY 


LITHIASIS 

Calcium oxalate and phosphate, mixed 34 
Calcium oxalate, pure 33 
Calcium phosphate, pure 6 
“Triple phosphate” (struvite + apatite) 15 
Uric acid 8 


Cystine 3 


*Percentage of stones analyzed. 


urinary calculi are radiodense (approximately 85%), the re- 
mainder are radiolucent and not seen on plain films. The in- 
cidence of urinary stones by chemical composition is given 
in Table 8.2. 


Cystine Stones 


Patients with cystinuria have a defect in renal tubular reab- 
sorption of the amino acids cystine, ornithine, lysine, and 
arginine. The defect is inherited as an autosomal-recessive 
trait and is present in the intestinal mucosa as well as in the 
renal tubular cells. The only manifestation in most patients 
is nephrolithiasis. Excess cystine excreted in the urine ex- 
ceeds its solubility, and cystine stones are produced. 

The opacity of cystine stones depends on how much con- 
tamination with calcium is present. However, many stones are 
pure cystine and are still easily seen on abdominal radiographs, 
although they are not as dense as calcium stones (Fig. 8.7). 


FIGURE 8.7. Cystine stone. A cystine stone is easily detected on 
an abdominal radiograph. 
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Infection Stones 


Magnesium ammonium phosphate (struvite) stones form 
when the urine pH is more than 7.2. They commonly occur 
in the setting of a urinary tract infection with a urea-split- 
ting, gram-negative enteric organism, often Proteus 
mirabilis. Thus, struvite calculi also are commonly referred 
to as “infection stones.” Because women have more urinary 
tract infections, struvite stones are seen more frequently in 
women than in men. 


COMPOSITION OF INFECTED STO 


Pure struvite stones are essentially radiolucent and rare. 
Typically, struvite is found mixed with calcium phosphate 
(apatite) to form the so-called triple phosphate stones, 
which are easily seen on plain radiographs. These calcium- 
magnesium-ammonium phosphate stones are seen in asso- 
ciation with infected urine; to refer to them as struvite alone 
is a misnomer. They account for approximately 70% of 
staghorn calculi (Fig. 8.8), the remainder being composed 
of cystine or uric acid. 


FIGURE 8.8. Staghorn calculus. A large staghorn calculus is eas- 
ily seen in the left kidney. The alignment suggests a horseshoe 
kidney. 
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STAGHORN CALCULI 


Triple phosphate (calcium-magnesium-ammo- 
nium phosphate) 

m Uric acid 

m Cystine 


Uric Acid Stones 


Unlike other mammals, humans lack the enzyme uricase, 
which converts uric acid into allantoin. In the urine, uric 
acid exists either free or as the much more soluble salt, 
sodium urate. Acid urine contributes to an increased con- 
centration of the less soluble free uric acid. 

Patients with urate calculi have hyperuricosuria, but do 
not necessarily have hyperuricemia. Idiopathic uric acid 
lithiasis occurs in patients with normal serum urate levels, 
but with a persistently low urine pH. This is seen in patients 
who take medications to acidify their urine, but it also may 
be present in patients with chronic diarrhea or an ileostomy. 

Inborn errors of metabolism may result in hyperuricemia 
and uric acid lithiasis. Patients with gout or Lesch-Nyhan 
syndrome are prone to form uric acid stones. Similarly, an 
overindulgence in foods high in purine and proteins metab- 
olized to uric acid may lead to hyperuricemia, hyperurico- 
suria, and uric acid stones. The ingestion of uricosuric drugs 
such as salicylates and thiazides may increase the urine uric 


A 


acid concentration sufficiently to allow uric acid stone for- 
mation. 

In the United States, uric acid stones account for 5% to 
10% of renal stones. The reported incidence varies by coun- 
try; in Israel, approximately 75% of renal stones are uric 
acid stones. 

Uric acid stones are insufficiently radiopaque to be seen 
on an abdominal radiograph (Fig. 8.9). They account for 
the majority of “lucent” stones. However, they are still suf- 
ficiently dense to be easily seen on CT. 


Xanthine Stones 


These very rare stones may be seen in patients with heredi- 
tary xanthinuria, but also may be present in patients treated 
with allopurinol, which blocks the conversion of xanthine to 
uric acid. Xanthine stones are relatively radiolucent because 
their density is similar to uric acid stones. 


Matrix Stones 


Matrix stones are comprised primarily of coagulated mu- 
coids with very little crystalline component. They are found 
most commonly in patients with urease-producing infec- 
tions such as those caused by Proteus species. Matrix stones 
also are relatively radiolucent (Fig. 8.10) and may be con- 
fused. with uric acid calculi. However, matrix stones occur in 
the presence of an alkaline urine, whereas the urine is acidic 
in patients with uric acid calculi. 


FIGURE 8.9. Uric acid stones. No stones could be seen on the preliminary radiograph. However, 
multiple filling defects (arrows) representing uric acid stones are identified on (A) an excretory 


urogram and (B) a retrograde pyelogram. 


FIGURE 8.10. Matrix stones. These stones could not be seen on 
the abdominal radiograph. An air pyelogram demonstrated two 
large matrix stones (arrows). 


STONES RADIOLUCENT ON PLAIN 
RADIOGRAPHS 


m Uric acid 

m Xanthine 

m Matrix 

m Pure struvite 
m Indinavir 


Indinavir Stones 


Indinavir sulfate is a protease inhibitor commonly used 
to treat patients with human immunodeficiency virus type 
1 (HIV-1). In the urinary tract, indinavir sulfate has a putty- 
like consistency that can cause ureteral obstruction. 
Indinavir crystals are flat, rectangular plates that may be 
found in the urine in a variety of patterns. They are radiolu- 
cent on either abdominal radiographs or CT. Over time, 
these crystals may calcify and become dense enough to be 
seen on CT or an abdominal radiograph. 


Oxalate Stones 


Increased excretion of oxalate may be due to an inborn error 
of metabolism (primary) or may be secondary to other dis- 
orders. Hyperoxaluria may cause nephrocalcinosis and may 
result in calcium oxalate stones. The term oxalosis is used to 
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indicate precipitation of oxalate crystals in extrarenal tissues 
such as the myocardium, lung, spleen, or arterial walls. 

The most common cause of secondary oxalosis is small 
bowel disease, especially after intestinal bypass operations 
for morbid obesity, but it also may be seen if the distal small 
bowel is involved in patients with celiac disease or Crohn’s 
disease. These patients have increased absorption of oxalate 
by the colon because of increased permeability of the colon 
or increased solubility of oxalate. Other causes of secondary 
hyperoxaluria include pyridoxine deficiency, methoxyflu- 
rane anesthesia, or increased consumption of leafy green 
vegetables that are high in oxalate. 

Primary oxaluria is a rare inborn error of metabolism. 
There are two biochemical forms, but both result in in- 
creased urinary excretion of oxalate salts. Primary oxaluria is 
inherited as an autosomal-recessive trait and shows no sex 
predilection. Patients present with manifestations of renal 
stones early in life. Furthermore, dense calcification of the 
entire kidney (cortex and medulla) can occur (Fig. 8.11). 

Calcium oxalate crystals may precipitate in the renal 
tubules, which become obstructed and lead to tubular 
necrosis and atrophy. The crystals may stimulate an im- 
mune response in the kidney, causing an interstitial nephri- 
tis. This results in progressive atrophy and renal failure. 

Patients with hyperoxaluria may present with calcium 
oxalate stones (Fig. 8.12). However, most patients with such 
stones do not have a detectable abnormality of oxalate 
metabolism or increased levels of oxalate excretion. 


Stone Disease in Children 


In developing countries, bladder calculi are common in chil- 
dren. They most often are uric acid stones and are unrelated 
to obstruction or infection. In industrialized countries, uri- 
nary tract calculi are found much more frequently in the up- 
per urinary tract, as in adults. 


FIGURE 8.11. Primary oxaluria. Calcium oxalate crystals have 
precipitated out in the renal parenchyma. 
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FIGURE 8.12. Oxalate stone. A: A faintly opaque oxalate stone (arrow) is appreciated on the pre- 
liminary film. B: It is seen as a filling defect (arrow) in the retrograde pyelogram. 


The male preponderance of stones seen in adults does not 
occur in children; boys and girls are equally affected. Black 
children are affected much less commonly than are white 
children. Hematuria is the most common presenting symp- 
tom, and rather than the severe pain of ureteral colic seen in 
adults, children often complain of more diffuse abdominal 
pain. The vast majority of pediatric patients have an under- 
lying predisposing factor. Thus, children must be carefully 
evaluated for metabolic, anatomic, or infectious causes. 
Another major etiology of childhood stones is immobiliza- 
tion, such as may occur following a fracture or other illness. 

In a recent study of stone disease in the pediatric popula- 
tion, Nimkin and colleagues reported that 30% of cases 
were related to myelodysplasia (76% of these patients had 
an ileal conduit), 26% had some other type of anatomic uri- 
nary tract problem, 17% had known metabolic disease, and 
the remainder had other miscellaneous conditions or the 
stones were considered idiopathic. 

Nephrolithiasis is rare in very young children, but has 
been reported in premature babies after furosemide therapy 
for bronchopulmonary dysplasia. Because urinary calcium 
excretion varies directly with urinary sodium excretion, 
furosemide, which increases sodium excretion, also results 
in hypercalciuria. This is especially marked in preterm ba- 
bies, because the increase in volume of amniotic fluid dur- 
ing the last trimester of pregnancy results from an increased 
excretion of sodium and water by the fetal kidney. Thus, 
premature babies have a higher urinary calcium level at birth 
and are more prone to nephrocalcinosis than full-term chil- 
dren. This nephrocalcinosis is typically medullary, resulting 
in echogenic renal pyramids. Another cause of this finding 


is treatment with vitamin D for hypophosphatemic rickets 
or hypophosphatemic bone disease. Pyramidal hypere- 
chogenicity in a pattern mimicking nephrocalcinosis also 
can occur in some children with autosomal-recessive poly- 
cystic kidney disease. 


RADIOLOGIC DIAGNOSIS 
Plain Radiograph 


Because approximately 90% of urinary tract calculi are ra- 
diopaque, the plain abdominal radiograph is a useful exam- 
ination in evaluating patients suspected of urolithiasis. Large 
stones are readily detected on a single film, but small calculi 
may be obscured by bowel gas or fecal material within the 
colon. In addition to overlying bowel contents, the ribs, 
transverse processes, and sacrum may obscure urinary tract 
calculi. The lateral edge of the transverse process can be es- 
pecially confusing, since the cortical margin may mimic a 
ureteral stone. If there are confusing overlying shadows, 
oblique films may be needed. 

Many common calcifications in the abdomen must be 
distinguished from urinary tract stones. Hepatic or splenic 
calcifications are seldom a problem, since they seldom over- 
lie the kidneys. However, gallstones may lie over the right 
renal collecting system. In most cases, gallstones are larger 
with a characteristic ovoid shape and are easily distinguished 
from renal stones. However, renal calculi in an obstructed 
portion of the collecting system or within a calyceal diver- 
ticulum (Fig. 8.13) may precisely mimic gallstones. On an 
oblique radiograph, gallstones should rotate anteriorly, 
whereas renal stones remain in a more posterior location. 
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FIGURE 8.13. Stones in a calyceal diverticulum. A: Multiple stones in a spherical configuration in 
the right upper quadrant suggest gallstones. B: An excretory urogram demonstrates their loca- 


tion in a calycea! diverticulum. 


Pancreatic calcification is most frequently seen in chronic 
pancreatitis. The involvement of the entire gland helps to 
distinguish these calcifications from renal stones. 

Calcification of the costal cartilage of the lower thoracic 
ribs and arterial calcifications are usually linear, which helps 
to separate them from renal stones. Furthermore, arterial 
and rib calcifications lie in predictable locations. 

The calcifications most often confused with urinary tract 
calculi are phleboliths (Fig. 8.14) and calcified mesenteric 
lymph nodes. Typically phleboliths are rounded, have a cen- 
tral lucency, and are seen in the true pelvis, often below the 
distal ureter. However, phleboliths are extremely common 
and are occasionally impossible to distinguish from ureteral 


stones without opacification of the ureter. Mesenteric 
lymph nodes typically have a mottled calcification, and 
oblique films may show them anterior to the retroperi- 
toneum. 


Excretory Urography 


Excretory urography is still used in evaluating patients with 
suspected stone disease, but it has been largely supplanted 
by unenhanced CT as the modality of choice for this condi- 
tion. It is anticipated that excretory urography will cease to 
be used as there is wider acceptance of the accuracy of CT in 
diagnosing urolithiasis. 


FIGURE 8.14. Distal ureteral stone. A: Multiple pelvic phleboliths are present. B: One week later, 
a distal left ureteral stone (arrow) can be detected by comparison with the previous film. 
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FIGURE 8.15. Distal ureteral stone. A: Thirty-minute film from 
an excretory urogram reveals an obstructive nephrogram with 
contrast in the proximal two-thirds of the right ureter. A tiny 
stone can be seen at the ureterovesical junction (arrow) with sur- 
rounding edema. B: Two-hour delayed urogram film reveals con- 
trast columning in the entire right ureter to the previously men- 
tioned stone (arrow). (From Amis ES Jr, Newhouse JH. Essentials of 
uroradiology. Boston: Little, Brown, 1991:225, with permission.) 


Stones may cause obstruction of an infundibulum or at 
any point along the ureter. The most obvious sign of ob- 
struction is delayed opacification of the collecting system af- 
ter contrast administration. The nephrogram is also delayed. 
compared with the normal contralateral side, but may show 
increasing intensity with time. It should be noted, however, 
that even a large staghorn calculus may be completely 
nonobstructive. In patients with an anatomically normal 
collecting system, a renal stone is most likely to be held up 
in the renal pelvis, at the point where the ureter crosses over 
the iliac vessels, or at the ureterovesical junction (Fig. 8.15). 
While 75% of ureteral stones are found distally at the time 
of diagnosis, stones may hang up at any point along the 
course of the ureter, and the entire route must be studied 
carefully in patients with renal colic. Stones are especially 
difficult to identify when they overlie the sacrum or ilium. 
Comparison with old radiographs, if available, may be help- 
ful, (Figs. 8.14 and 8.16). 

On occasion, an obstructed collecting system can de- 
compress itself by leakage of urine, typically from one or 
more calyceal fornices, into the renal sinus. This is known as 
pyelosinus extravasation and can occur with only mild de- 
grees of obstruction. Pyelosinus extravasation is not unusual 
in patients with ureteral stones and has no clinical signifi- 
cance if the urine is not infected. From the renal sinus, urine 
may track through the renal hilum and surround the renal 
pelvis and proximal ureter (Fig. 8.17). Stones that have be- 
come impacted at the ureterovesical junction may cause 
edema; the resultant mass may suggest a ureterocele or blad- 
der carcinoma. 


FIGURE 8.16. Stone obscured by sacrum. A: An increased density (arrowhead) blends with the 
sacrum and ilium. B: By comparison with a previous film, the stone is seen to be recently acquired. 
C: An excretory urogram demonstrates that this density (arrowhead) is a partially obstructing 


ureteral stone. 
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FIGURE 8.17. Ureteropelvic junction (UPJ) stone with pyelosinus extravasation. A: Coned plain- 
film view of the left renal fossa shows two calcifications. The lower stone (arrow) is in the region 
of the UPJ. B: Thirty-minute film from an excretory urogram reveals mild dilation of the calyces. 
The renal pelvis (P) has not yet opacified and the previously noted stone (arrow) is impacted at 
the UPJ. The other stone noted on the plain film is most likely in the opacified middle calyx, which 
is ill-defined because of pyelosinus extravasation. Contrast medium can be seen surrounding the 
not yet opacified renal pelvis and proximal ureter. 


Ultrasound mor. When the kidney is well seen, stones as small as 0.5 
mm may be detected sonographically. 


Both nephrocalcinosis (Fig. 8.3B) and urinary tract calculi 
Fig eed Ultrasound also is helpful in demonstrating obstruction 


(Fig. 8.18) can be identified on ultrasound by the highly Á : 
echogenic focus and acoustic shadowing of the stone. This of the collecting system (Fig. 8.19). Although the degree of 


can be useful in distinguishing lucent renal stones from ureteropelvocaliectasis from an acute ureteral obstruction 
other etiologies of a filling defect such as blood clot or tu- due to a stone is mild, it can usually be distinguished from 


FIGURE 8.18. Renal stone. A: Ultrasound demonstrates a highly echogenic mass with shadowing 
in the lower-pole collecting system. B: The stone is confirmed on urography. 
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FIGURE 8.19. Proximal! ureteral stone. A: Moderate hydronephrosis (H) is seen with ultrasound. 
B: The ureteral dilation ends at an obstructing ureteral stone (arrow). 


the normal collecting system in patients who may present 
with flank pain due to acute bacterial pyelonephritis or re- 
nal infarction. Furthermore, the dilated ureter often can be 
followed to the point of obstruction and the stone identi- 
fied (Fig. 8.20). Ultrasonographic evaluation of the 
ureteral jets correlates inversely with the degree of ureteral 
obstruction present; with high degrees of obstruction, 
there may be no detectable jet or a slow continual dribble 
of urine from the orifice on the symptomatic side. In fact, 
the combination of plain abdominal radiography and 
sonography is reported to be virtually as effective in diag- 
nosing stones as excretory urography. Furthermore, in fe- 
male patients, vaginal ultrasound should be considered for 
evaluation of the distal ureter for calculi, particularly if the 


FIGURE 8.20. Distal ureteral stone. A dilated ureter (U) is seen 
behind the bladder (8). The echogenic focus (arrow) is an ob- 
structing dista! ureteral stone. 


transabdominal ultrasound examination is normal or in- 
conclusive. 


Computed Tomography 


As with ultrasound, CT is very useful in determining the na- 
ture of filling defects in the collecting system. The major dif- 
ferential is stone, blood clot, or tumor. Noncontrast CT shows 
virtually all stones as high attenuation defects (Fig. 8.21). 

In 1995, Smith and colleagues compared noncontrast 
enhanced CT and intravenous urography in the evaluation 
of patients with acute flank pain. They found that unen- 
hanced helical CT was better than excretory urography in 
identifying ureteral stones in patients with ureteral colic. 
Since that time, multiple reports in the literature have con- 
firmed the efficacy of CT in evaluating patients with flank 
pain, and it is anticipated that CT will supplant the excre- 
tory urogram as the modality of choice. 

The CT technique employed in evaluating flank pain is 
to obtain images using 5-mm thick helical scans at a pitch 
between | and 1.7 from the top of the kidneys to the base of 
the bladder during suspended respiration. Though ureteric 
reconstruction can produce an image similar to that seen in 
excretory urography, the axial images obtained during this 
procedure are usually satisfactory for excluding or diagnos- 
ing ureteral calculi. 

The definitive diagnosis of a ureteral calculus can be es- 
tablished if the stone is seen within the ureteral lumen (Fig. 
8.22). Even lucent stones such as uric acid calculi are seen 
on CT because their density is far greater than that of soft 
tissue. Jn vitro studies have shown the inability of CT to ac- 
curately differentiate the composition of urinary stones on 
the basis of their density because of overlapping values. 
Calcium oxalate stones are the most dense and usually range 


from 800 to 1,000 Hounsfield units (HU). The least dense 
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FIGURE 8.21. Renal stone. A: A filling defect (arrow) is present on the excretory urogram. B: The 
high density on an unenhanced computed tomography scan demonstrates that the filling defect 


is caused by the presence of a stone. 


stones are those composed of uric acid, and these range from 
150 to 500 HU. There is a greater variation in the density 
of infection stones (triple phosphate), which may range 
from 300 to 900 HU because of their greater range of cal- 
cium content. The one group of patients with obstructing 
stones in whom no calculus may be visible on unenhanced 
CT are those HIV patients receiving indinavir therapy. 
When a urinary calculus cannot be directly identified, 
secondary signs of obstruction become important for estab- 
lishing the diagnosis. These secondary signs include peri- 
nephric stranding or fluid collections (Fig. 8.23), peri- 


FIGURE 8.22. Ureteral stone. A stone (arrow) is seen in the right 
ureter on an unenhanced computed tomography examination. 


ureteral edema, hydronephrosis (Fig. 8.24), hydroureter 
(Fig. 8.25), and nephromegaly. Any or all of these findings 
can provide supportive evidence that an acute obstructive 
process is present. Recently, it has been reported that the de- 
gree of extravasation (perinephric stranding and fluid col- 
lection) correlates directly with the degree of obstruction 
seen on urography. The perinephric stranding and fluid col- 
lections are felt to be due to fluid leaking into the perirenal 
space from the renal lymphatics, or from pyelosinus ex- 
travasation as previously described. Pyelosinus extravasation 
may also cause a fuzzy appearance of the renal sinus. 


FIGURE 8.23. Nonenhanced helical computed tomogram in pa- 
tient with an obstructing right ureteral stone. Section through 
the kidneys shows significant perinephric stranding on the right. 
The collecting system is mildly dilated. 
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FIGURE 8.24. Hydronephrosis. Dilation of the left renal pelvis 
and perinephric stranding suggest an obstructing left ureteral 
stone. 


When evaluating the secondary signs of obstruction, the 
contralateral normal kidney can serve as a satisfactory con- 
trol. In many elderly patients, perinephric stranding is not 
uncommon. To be considered a secondary sign of obstruc- 
tion, such perinephric stranding would have to be more 
marked on the symptomatic side when compared to the 
contralateral or asymptomatic side. 

One of the major problems with unenhanced CT for di- 
agnosing ureteral calculi is the differentiation of true calculi 


= = 


TA 


FIGURE 8.26. Rim sign. Soft tissue representing the edematous 
ureter is seen surrounding a right ureteral stone (arrow). 


from phleboliths or other calcifications outside the urinary 
tract. Two signs have been described to help in differentiat- 
ing a ureteral calculus from a phlebolith. The rim sign, a cir- 
cumferential rim of soft tissue attenuation around a calcifi- 
cation, is believed to represent an edematous ureteral wall 
and to be relatively specific for a ureteral calculus (Fig. 
8.26). Conversely, a phlebolith typically does not demon- 
strate the rim sign (Fig. 8.27). Another sign that has 
proved somewhat helpful is the “comet tail” sign, in which 
a linear soft tissue density extending from a calcification in 
the pelvis is felt to represent the pelvic vein in which a phle- 
bolith lies (Fig. 8.28). On axial sections, a ureteral stone 
should not exhibit the “comet tail” sign. 

When a stone is found in the region of the ureterovesical 
junction on nonenhanced CT, it is sometimes difficult to 
determine if the stone is impacted at the ureterovesical junc- 
tion or has already passed into the bladder. In such cases, 
simply turning the patient in the prone position demon- 
strates whether the stone is impacted or free within the blad- 
der lumen. 


FIGURE 8.25. Hydroureter. A: Dilation of the left ureter (arrow) is seen proximal to (B) an ob- 
structing left ureteral stone (arrow). 
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FIGURE 8.27. Differentiation of distal ureteral stone from pelvic phiebolith. A: A 2-mm calculus 
is seen impacted just above ureterovesical junction. Note the “rim” of soft tissue surrounding the 
stone. B: A 3-mm pelvic phlebolith. Note the absence of a soft tissue “rim” in this case. 


Treatment of Urinary Tract Calculi 


Because approximately 80% of all urinary tract stones pass 
spontaneously, intervention may not be needed. More than 
90% of stones less than 4 mm in diameter and 50% of stones 
4 to 7 mm in diameter pass spontaneously. Stones 8 mm or 
larger rarely can be passed down the ureter into the bladder. 
Dramatic changes in the treatment of retained urinary 
tract calculi have occurred in the last 10 years. Dilation of a 
percutaneous nephrostomy (PCN) tract to a size large 
enough to accommodate an endoscope has provided access 
to the urinary tract. A variety of catheters, stone baskets, and 
ultrasonic and electrohydraulic lithotriptors have been used 
to remove renal and ureteral stones. The success of these 
techniques has been so great that open surgical procedures 
are rarely needed. In fact, essentially all stones in either the 
native or reconstructed urinary tract, regardless of size, loca- 
tion, or hardness, can be managed with extracorporeal shock 
wave lithotripsy (ESWL) and endourological procedures. 


FIGURE 8.28. “Tail” sign in pelvic phlebolith. Several phleboliths 
are seen. On the right, the 4-mm density has no surrounding soft 
tissue rim and shows a soft tissue “tail” extending anteriorly, 
both signs of phlebolith as opposed to ureteral stone. 


The development of ESWL further advanced these non- 
operative techniques. ESWL removes urinary tract calculi by 
fragmentation and spontaneous passage. This has eliminated 
the need for a PCN in most patients and has become the pri- 
mary treatment for symptomatic nephrolithiasis. However, 
some patients still require percutaneous treatment to supple- 
ment ESWL or to treat complications arising from incom- 
plete stone passage. If the stone fragmented by ESWL is 
moderate to large in size, many of the fragments may accu- 
mulate in the distal ureter, a condition known as “stein- 
strasse” (street of stones) (Fig. 8.29). This may require uro- 
logic intervention if obstruction occurs and is prolonged. 


FIGURE 8.29. Stone fragments. After extracorporeal shock 
wave, multiple stone fragments (“steinstrasse”) are seen in the 
distal ureter (arrows). 
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ANATOMY 
Arterial 


The renal arteries branch from the aorta near the level of the 
L-1 to L-2 interspace. The right renal artery usually arises 
from the lateral or anterolateral aspect of the aorta and is 
slightly lower than the left renal artery, which arises from the 
lateral or posterolateral aspect of the aorta. Thus, aortogra- 
phy should be performed in the anteroposterior or slight 
right posterior oblique projections to demonstrate the origin 
of the renal arteries to best advantage. 

In as many as 40% of patients, one or both kidneys are 
supplied by more than one renal artery. Accessory renal ar- 
teries arise from the aorta and are usually inferior to the 
main renal artery. Occasionally an accessory renal artery 
supplies the upper pole of the kidney, and rarely an acces- 
sory renal artery may arise from the celiac, hepatic, or 
mesenteric arteries. Anomalous kidneys, such as a horseshoe 
or pelvic kidney, almost always have multiple renal arteries 
that arise from the aorta or iliac arteries near the kidneys. 
Accessory renal arteries have traditionally been identified by 
aortography (Fig. 9.1), but are now routinely seen on com- 
puted tomography (CT) (Fig. 9.2) or magnetic resonance 
angiography (MRA). 

The inferior adrenal artery and arteries supplying the re- 
nal capsule, renal pelvis, and ureter arise from the main re- 
nal artery. Occasionally, the gonadal, middle adrenal, or in- 
ferior phrenic arteries also may arise from the renal artery. 

The main renal artery divides into dorsal and ventral 


rami that run posterior and anterior to the renal pelvis. The 
larger ventral division supplies the anterior and superior as- 
pects of the kidney, whereas the dorsal division supplies the 
posterior and inferior portions of the kidney. The junction 
of these ventral and dorsal divisions creates a relatively avas- 
cular plane (Brodel’s line), which is the preferred track for 
placing percutaneous nephrostomies. 

Segmental branches arise from the dorsal and ventral 
rami and run along the infundibulae before dividing into in- 
terlobar arteries. These interlobar arteries course between 
the pyramids and the cortical columns parallel to the outer 
surface of the kidneys before branching into arcuate arteries, 
which run along the bases of the medullary pyramids. 

Collateral pathways that provide arterial supply to the 
kidney when the main renal artery is compromised include 
the inferior adrenal, capsular, ureteric, gonadal, intercostal, 
lumbar, and pelvic arteries. The upper three lumbar arteries 
allow blood from the aorta to communicate with pelvic, 
ureteral, or capsular arteries, which anastomose with renal 
branch arteries. When the ureteral artery serves as a major 
collateral, the dilation and tortuosity resulting from in- 
creased blood flow may cause the artery to impinge on the 
ureter, causing notching, 

Although the intrarenal arteries have been considered 
end arteries, some intrarenal collateral pathways exist. 
Trueta described small coiled arteries that lie near the ca- 
lyces. They arise from the interlobar arteries and communi- 
cate with vessels in the pelvic mucosa, as well as with adja- 
cent interlobar arteries. Perforating arteries also provide 
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FIGURE 9.1. Accessory renal artery. An abdominal aortogram 
demonstrates an accessory renal artery (arrow) supplying the 
lower pole of the right kidney. 


communication between renal arcuate or interlobular arter- 
ies and capsular vessels. These intrarenal collateral arteries 
are not sufficient to prevent renal infarction, but may mini- 
mize the effects of ischemia by helping to preserve renal 
parenchyma. 


Venous 


In general, the venous anatomy parallels the arterial circula- 
tion. Accessory renal veins are less frequent than accessory 
arteries and occur more commonly on the right. However, 
the left renal vein may bifurcate to encircle the aorta and be- 
come a circumaortic renal vein. This anomaly is caused by 
the persistence of the posteriorly located left supracardinal 
vein and a midline supracardinal anastomosis between right 
and left vessels. It is a relatively common anomaly, reported 
in 2% to 16% of patients, according to anatomic and an- 
giographic studies. Using CT, Reed and colleagues found a 
circumaortic left renal vein in 19 (4.4%) of 433 patients 
(Fig. 9.3). The posterior portion of this venous collar typi- 
cally runs inferiorly before crossing behind the aorta to reach 
the inferior vena cava (IVC). 

Patients with a circumaortic left renal vein are asymp- 
tomatic, although one case with hematuria and proteinuria 
has been reported. Knowledge of this anomaly is important 
when surgery is contemplated or during collection of renal 
or adrenal vein samples. The ventral vein usually drains the 
ventral and inferior portions of the kidney, whereas the dor- 
sal component drains the dorsal and superior segments. 


FIGURE 9.2. Accessory renal artery. A: The main re- 
nal artery (arrow) is seen arising from the aorta. B: An 
accessory renal artery (arrow) is identified just cepha- 
lad to the main renal artery. C: Both left renal arteries 
are nicely displayed on this shaded surface display. 
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FIGURE 9.3. Circumaortic left renal vein. A: The anterior portion 
of a circumaortic left renal vein is in its normal location. B: The 
posterior portion (arrows) runs caudal and (C) behind the aorta. 


A circumaortic left renal vein also can be seen during an- 
giography. Late films from a selective left renal arteriogram 
may demonstrate ventral and dorsal components. During 
venography, care must be taken not to overlook the more in- 
ferior entrance of the dorsal vein into the IVC. Both left re- 
nal veins also may be seen during inferior vena cavography. 

Another common anomaly, the retroaortic left renal 
vein, is seen less frequently. In the same series of CT exam- 
inations reported by Reed and colleagues, 8 of 433 (1.8%) 
patients had a single retroaortic renal vein (Fig. 9.4). Both 
of these anomalies can be recognized by CT, and venogra- 
phy is seldom necessary for confirmation. Patients are 
asymptomatic, but recognition is important if surgery in- 
volving this region is planned. 

The left renal vein receives the inferior phrenic, capsular, 
ureteric, adrenal, and gonadal veins. In addition, rich collat- 
eral vessels usually anastomose with branches of the hemiazy- 
gos and ascending lumbar veins. These vessels are particularly 
important, because they may preserve the kidney should ve- 
nous thrombosis occur. In patients with a left-sided IVC, the 
left common iliac vein continues cephalad as the left [VC and 
drains into the inferior aspect of the left renal vein. 

The right renal vein is shorter than the left, and has a 
more oblique course to the IVC. It receives capsular and 


ureteric veins as well as some retroperitoneal collaterals, but 
the right inferior phrenic and gonadal veins enter directly 
into the IVC. 

Valves may occur in the renal veins. There is a marked 
variation in the reported incidence of renal vein valves in 
anatomic studies, ranging from 28% to 70% on the right 
and from 4% to 36% on the left. Not surprisingly, valves are 
demonstrated less frequently on venography. Their signifi- 


FIGURE 9.4. Retroaortic left renal vein. The left renal vein passes 
behind the aorta to enter the inferior vena cava. 
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cance lies in surgical planning, but they also can cause diffi- 
culty to the angiographer by inhibiting reflux of contrast 
medium or passage of a catheter during venography or ve- 
nous sampling (Fig. 9.5). 

Renal vein varices may be idiopathic or may result from 
renal vein thrombosis or portal hypertension. Varices are be- 
lieved to cause hematuria in some patients, although this 
causal relationship is difficult to prove. 

Renal vein varices, like varicoceles, are more common on 
the left than on the right. Thus, an anatomic etiology is pos- 
tulated. Compression of the left renal vein between the su- 
perior mesenteric artery and the aorta (“nutcracker” phe- 
nomenon) may result in left renal vein hypertension, 
hematuria, and varix formation. Abnormal branching of the 
superior mesenteric artery from the aorta has been demon- 
strated by magnetic resonance (MR) in some patients. 

Obstruction of the left renal vein by the superior mesen- 
teric artery is more likely to occur in thin patients in whom 
there is a paucity of retroperitoneal fat. Since a distended left 
renal vein may be seen by CT or ultrasound in 51% to 72% 
of the normal population, measurement of a pressure gradi- 
ent between the IVC and the left renal vein is needed before 
renal vein compression should be diagnosed. The demon- 
stration of collateral veins using color flow Doppler provides 
noninvasive evidence of renal vein compression. 

Collateral pathways exist for venous drainage of blood 
from the kidney in case of occlusion of the main renal vein. 
Inferior phrenic or adrenal, gonadal, and ureteric veins com- 
monly enter the left renal vein, whereas only the ureteric vein 
enters the right renal vein. Any of these vessels, as well as a va- 
riety of small retroperitoneal veins that enter the renal veins, 
may function as collateral vessels. The right adrenal, inferior 
phrenic, and gonadal veins enter directly into the IVC. 

In renal vein thrombosis, the clot usually propagates 
along the entire renal vein and these collateral vessels also are 
occluded. A local occlusion, such as surgical ligation, how- 
ever, may allow these collaterals to take over drainage of the 
kidney. This occurs much more readily with occlusion of 


FIGURE 9.5. Renal vein valves. Contrast is prevented from reach- 
ing the intrarenal veins by valves (arrows). 


the left renal vein, because it receives more potential collat- 
eral vessels than the right renal vein. 


Circumcaval (Retrocaval) Ureter 


Venous anomalies may affect the ureter. Persistence of the 
right subcardinal vein traps the ureter behind the IVC. The 
ureter crosses posterior to the [VC and then passes around the 
medial border anteriorly to partially encircle the cava. This 
anomaly, which occurs in approximately 1 in 1,100 patients, 
has been termed a retrocaval, or circumcaval, ureter. The term 
circumcaval ureter is preferred, because it is possible for the 
ureter to lie behind the vena cava without encircling it. A cir- 
cumcaval ureter is more common in men than women. 

A circumcaval ureter is usually an incidental finding. 
Most patients are asymptomatic, although right flank pain 
may be sufficient to bring this anomaly to attention. 

The most common complication is obstruction, caused 
by constriction of the retrocaval segment of the ureter by the 
IVC. In a few cases, fibrous bands or adhesions of this seg- 
ment of the ureter have been reported. The hydronephrosis 
and stasis predispose to stone formation and infection. 

Two radiographic patterns of circumcaval ureter have 
been recognized by Bateson and Atkinson. The more com- 
mon form has an S-shaped deformity of the midureter as it 
courses around the IVC. The narrowing of the ureter occurs 
at the lateral border of the psoas muscle, suggesting that the 
obstruction is not caused by compression by the IVC. The 
second type has less severe hydronephrosis, but the point of 
obstruction is at the lateral wall of the IVC. However, 


FIGURE 9.6. Circumcaval ureter. Failure of regression of the 
postcardinal vein traps the ureter behind the inferior vena cava. 


FIGURE 9.7. Circumcaval ureter. Delayed images from a com- 
puted tomography examination demonstrated a dilated proxi- 
mal ureter, which courses behind (arrow) the inferior vena cava. 


ureteral obstruction is not necessarily present in a circum- 
caval ureter. 

When the classic (type 1) appearance is seen in urogra- 
phy, the diagnosis of circumcaval ureter can be suggested 
(Fig. 9.6). However, an inferior vena cavogram or CT 
(Fig. 9.7) is needed for confirmation. In the less severe form 
(type 2), medial deviation must be distinguished from other 
etiologies, such as retroperitoneal fibrosis or a retroperi- 
toneal mass. 

Circumcaval ureter can be recognized on CT by following 
the opacified ureter around the IVC. CT also demonstrates 
the more lateral location of the cava, which usually lies lateral 


to the right pedicle of the third lumbar vertebral body. 


Lymphatic 


There is an extensive lymphatic system within the kidney 
that provides an accessory drainage route for excess fluid. In 
normal states, approximately one-fourth of lymphatic flow 
from the kidney occurs through small lymphatic vessels that 
permeate the capsule and communicate with lymph vessels 
in the perinephric space. The remainder of the renal lymph 
fluid is drained into large lymph vessels in the renal hilum. 
The renal lymphatics are not directly imaged, but enlarged 
vessels may be detected by CT. 


DISEASES OF INTRARENAL ARTERIES 


A variety of entities affect intrarenal arteries. Although the 
etiology and clinical course may be different, the radio- 
graphic manifestations are similar. Because the disease pro- 
cess is usually generalized, both kidneys are affected and are 
reduced in size. Small infarcts result in a slightly irregular 
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contour. Renal function may be markedly impaired, but if 
imaged by urography or retrograde pyelography, the renal 
collecting system will be normal. The most characteristic 
findings of diseases affecting intrarenal arteries are the mul- 
tiple microaneurysms seen with renal arteriography. 


Collagen Vascular Diseases 


The vasculitides affect the glomeruli and other renal vessels. 
They may be classified as primarily involving medium and 
large renal arteries or small vessels and capillaries. Although 
any of the systemic vasculitides may involve the kidneys, this 
discussion will concentrate on those that do so commonly, 


Polyarteritis Nodosa 


Polyarteritis nodosa (PAN) is a panarteritis with foci of fib- 
rinoid necrosis that begin in the media. The subsequent 
inflammation that spreads to involve the intima and adven- 
titia results in small aneurysms and vascular thrombosis. 
Renal involvement occurs in 90% of patients with PAN. 
Patients often present with hematuria; other abnormalities 
such as proteinuria are detected on urinalysis. Renal is- 
chemia occurs as a result of involvement of medium vessels, 
and renin-mediated hypertension is common. The small 
aneurysms seen in PAN may occasionally rupture and pro- 
duce an intraparenchymal or perinephric hematoma. 

With the exception of arteriography, radiographic imag- 
ing studies demonstrate nonspecific findings. Parenchymal 
scarring may be seen with urography, ultrasound, or CT. 
Areas of hemorrhage due to aneurysm rupture are best de- 
fined by CT (Fig. 9.8), but, if large, also can be detected by 
urography or ultrasonography. The most definitive radio- 
graphic examination is arteriography, where small 
aneurysms occur at the bifurcation of interlobular or arcu- 
ate arteries (Fig. 9.8). These aneurysms are not limited to 
the kidneys, because arteries in the liver, spleen, pancreas, 
muscle, and gastrointestinal tract often are involved. 

Although these small aneurysms are typical of PAN, they 
are not pathognomonic. Similar aneurysms may be seen in 
patients with systemic lupus erythematosus, Wegener’s gran- 
ulomatosis, intravenous drug abuse, and renal metastases. 


Wegener's Granulomatosis 


Patients with Wegener’s granulomatosis have necrotizing 
granulomas of the respiratory tract, a focal necrotizing angi- 
itis involving small arteries and veins, and a focal necrotiz- 
ing glomerulitis that leads to fibrin thrombi and local necro- 
sis of individual glomerular tufts. It occurs most commonly 
in the fourth and fifth decades and has a slight male pre- 
ponderance. 

Symptoms of upper airway involvement, including si- 
nusitis, otitis media, pharyngitis, and epistaxis, dominate 
the clinical presentation. Although nodular, infiltrative, or 
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FIGURE 9.8. Polyarteritis nodosa. A: A computed tomography scan demonstrates high-density 
fluid (arrows) surrounding the right kidney, indicating an acute perinephric and subcapsular 
hematoma. B: An arteriogram reveals multiple small aneurysms of the small intrarenal arteries. 


cavitary lung lesions are commonly seen, the pulmonary in- 
volvement is generally asymptomatic. 

Renal disease may be absent in the limited form of 
Wegener’s granulomatosis, but a rapidly progressive 
glomerulonephritis is life-threatening in the full syndrome. 
The most common manifestations of renal disease are 
hematuria and proteinuria. Hypertension is uncommon. 

The radiographic manifestations in the kidneys are non- 
specific and reflect the degree of renal failure. 
Microaneurysms, parenchymal scarring, and areas of hem- 
orrhage may be seen. The findings are indistinguishable 
from those of PAN. 


Systemic Lupus Erythematosus 


Most patients with systemic lupus erythematosus have renal 
involvement, and many die of renal failure. The larger renal 
vessels are usually unaffected, but interlobular arteries may be 
affected by inflammatory changes and may be narrowed. The 
predominant renal changes consist of a focal glomeru- 
lonephritis with thickening of the basement membrane result- 
ing in the “wire loop” appearance on histologic preparations. 

The radiographic appearance depends on the stage of in- 
volvement. Before the onset of renal failure, the kidneys ap- 
pear normal. Microaneurysms, similar to those seen in 
PAN, may occasionally be seen on angiography. Although 
renal infarcts are common, they are usually too small to be 
seen without selective magnification arteriography. 
Conventional ultrasound examination is often normal, but 
an elevated resistive index may be predictive of worsening 
renal function. 


Intravenous Drug Abuse 


The vasculitis associated with intravenous drug abuse has 
clinical and pathologic features similar to polyarteritis no- 
dosa. Although methamphetamine is a common drug used 
by patients in whom a vasculitis develops, they are usually 
exposed to multiple drugs. Circulating hepatitis 
antigen—antibody complexes or drug contaminants also may 
be responsible for vascular injury. The radiographic appear- 
ance of multiple aneurysms 1 to 5 mm in diameter occur- 
ring at bifurcations, vascular stenoses, and complete vascu- 
lar occlusion with infarction is indistinguishable from other 
vasculitides. 


Scleroderma 


Progressive systemic sclerosis is a generalized disorder man- 
ifested by vascular and connective tissue fibrosis. Narrowing 
of the interlobular arteries due to intimal thickening may be 
present, as may fibrinoid necrosis of the afferent arterioles. 

Scleroderma occurs most commonly in the fourth and 
fifth decades, and shows a significant female preponderance. 
The incidence of renal involvement is variously reported, 
but the kidneys may be affected in up to 80% of patients. 
Renal failure often is the cause of death. 

The radiographic manifestations are nonspecific. Before 
the onset of renal failure, the kidneys may appear normal. 
Hypertension is common, such that the vascular changes 
seen on angiography may be due to either nephrosclerosis or 
scleroderma. However, the microaneurysms seen with the 
vasculitides are not seen with scleroderma. 


Radiation Nephritis 


Radiation nephritis may be acute or chronic, may cause hy- 
pertension, or may result merely in proteinuria. It is a de- 
generative process that affects the tubules and glomeruli. 
The vascular changes that consist of fibrinoid necrosis occur 
late in the course and involve primarily arcuate and interlo- 
bar arteries. As little as 1,000 rads may induce radiation 
nephritis, and. microscopic changes can be seen with lower 
doses. Typically, however, doses of at least 2,000 to 2,500 
rads within a 5-week period are needed to cause significant 
renal damage. 

Acute radiation nephritis is manifested by proteinuria 
and hypertension after a latent period of 6 to 13 months. 
Uremia, malignant hypertension, and congestive heart fail- 
ure follow. The prognosis of these patients is poor, with a 
mortality of approximately 50%. 

Patients who develop chronic radiation nephritis may or 
may not have been affected by acute radiation nephritis. 
Chronic radiation nephritis has an insidious onset of mild 
proteinuria, anemia, and azotemia, beginning 18 months to 
several years after radiation exposure. Although the clinical 
course is more protracted, the mortality of 50% is similar to 
acute radiation nephritis. 

The radiographic appearance of radiation nephritis de- 
pends on the radiation dose and the time between the radi- 
ation exposure and the imaging study. In the acute phase, 
diminished renal function may be manifested only by de- 
creased concentration of excreted contrast medium. In the 
chronic phase, an area of diminished enhancement is seen. 
In a patient studied at 3 months, Moore and colleagues de- 
scribed a normal initial CT scan with an increased persistent 
nephrogram on scans obtained 2 hours later. This finding 
may be caused by tubular stasis of contrast with continued 
water reabsorption and increasing concentration of contrast 
in the renal tubules. 


Arteriolar Nephrosclerosis 


Systemic hypertension affects the vascular tree of the kidney 
more consistently and more extensively than any other re- 
gion of the body. The degree of change is largely a function 
of the severity and duration of the hypertension. 


Benign Nephrosclerosis 


The vascular sclerotic process is accelerated by hypertension. 
Arteriolar vasospasm with intramural edema is followed by 
muscular hypertrophy, and later, by intramural arteriolar fi- 
brosis and hyaline degeneration. Glomerular and tubular 
changes are the result of ischemia. The kidneys are small be- 
cause of irregular cortical thinning. 

The clinical symptoms of patients with benign 
nephrosclerosis are usually limited to those of hypertension, 
and the physical examination reveals primarily cardiac and 
retinal changes. Mild proteinuria may be present. 
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Malignant Nephrosclerosis 


The walls of the arterioles are markedly thickened by an 
eosinophilic granular material. An endothelial proliferation 
with concentric layers of collagen occurs in the afferent ar- 
terioles and intralobular arteries. 

Men develop malignant hypertension more often than 
women, and most patients have a long history of benign hy- 
pertension. Patients with malignant hypertension have a di- 
astolic blood pressure greater than 130 mm Hg and have pa- 
pilledema. Neurologic symptoms and renal failure are 
common. 

Laboratory tests reveal proteinuria in almost all patients. 
Elevated plasma renin and aldosterone along with hy- 
pokalemia are manifestations of secondary aldosteronism. 
Untreated malignant hypertension has a poor prognosis, 
and renal failure is the most common cause of death in these 
patients. 

The radiographic findings reflect the degree of involve- 
ment of the kidneys. Unless there is a renal artery stenosis to 
protect one of the kidneys, involvement is systemic. 

On excretory urography, the kidneys appear normal to 
small. The calyces remain normal, even in areas of marked 
cortical thinning. 

Increased tortuosity and more rapid tapering of in- 
trarenal arteries is seen with angiography (Fig. 9.9). More 
severe changes include filling defects and loss of cortical 
vessels. 


FIGURE 9.9. Arteriolar nephrosclerosis. A selective left renal ar- 
teriogram demonstrates tortuosity and rapid tapering of in- 
trarenal arteries in this man with long-standing hypertension. 
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FIGURE 9.10. Renal infarction. A: Several wedge-shaped unenhancing areas indicate infarction 
due to emboli from subacute bacterial endocarditis. B: Capsular vessels preserve a thin peripheral 


rim (arrow). 


EMBOLISM AND INFARCTION 


The most common source of renal artery emboli is a diseased 
heart. Patients with atrial enlargement secondary to valvular 
heart disease or a dyskinetic left ventricle after myocardial in- 
farction provide the source of mural thrombi that may dis- 
lodge and become renal artery emboli. Smaller emboli may 
arise from an ectatic or aneurysmal aorta, or even from 
cholesterol plaques in a patient with severe atherosclerosis. 

Unlike arterial stenoses that are slowly progressive and 
may cause atrophy or collateralization, emboli produce 
acute ischemia that may result in infarction. The typical 
clinical features include the sudden onset of flank pain, 
hematuria, proteinuria, fever, and leukocytosis. However, 
the presentation is variable, and the diagnosis often is 
missed. Despite documented unilateral involvement, a de- 
crease in renal function is seen in many patients. 


The radiographic appearance of renal embolism depends 
on the size of the embolus and location of the arterial occlu- 
sion. Excretory urography demonstrates an absence of en- 
hancement of the affected segment of the kidney, reflecting 
lack of vascular perfusion. If the main renal artery is oc- 
cluded, there is no renal function in the affected kidney. A 
swollen, edematous kidney is seen on ultrasound as an en- 
larged kidney with decreased echogenicity. 

Retrograde pyelography reveals a normal collecting sys- 
tem with sharply cupped calyces. If there is much swelling, 
there may be attenuation of the intrarenal collecting system. 

The absence of contrast enhancement in the affected re- 
nal tissue is best demonstrated by CT. Smaller infarcts are 
seen as wedge-shaped, low-density areas within an otherwise 
normal-appearing kidney (Fig. 9.10). If the entire kidney is 
affected, the increase in size due to edema can be identified 
by the large size and more rounded configuration. Even if 


FIGURE 9.11. Localized hypoperfusion. An area of poor enhancement is seen in the posterior as- 
pect of the right kidney (arrow). An unenhanced examination obtained 2 days later reveals per- 


sistent opacification of the hypoperfused area. 


FIGURE 9.12. Renal embolus. Emboli are seen (arrows) as filling 
defects within the contrast-filled arteries. 


the entire renal artery is occluded, capsular branches remain 
patent and enhance the outer rim of the kidney. The preser- 
vation of this outer 2 to 4 mm of cortex has been described 
on excretory urography, but it is best seen on CT (Fig. 
9.10). 

Occasionally, high-grade stenosis of an intrarenal artery 
will diminish opacification but not cause frank infarction 
with scarring. Images obtained after contrast has washed out 
of the normal renal parenchyma may demonstrate persistent 
enhancement of this hypoperfused area (Fig. 9.11). 
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Radionuclide renography may suggest the diagnosis by 
demonstrating an area devoid of radionuclide activity. 
However, arteriography is needed for a definitive diagnosis. 
Sharp vessel cutoff will be seen if the embolus completely 
occludes arterial flow. Incompletely occluding emboli ap- 
pear as a filling defect within a contrast-filled artery (Fig. 
9.12). 


RENAL INFARCT 


cortical margin 


After the acute phase of renal infarction, atrophy begins. 
The infarcted tissue contracts, leaving a cortical scar (Fig. 
9.13). The parenchymal loss reflects the distribution of the 
affected artery. If the main renal artery is occluded, the en- 
tire kidney will be affected. The kidney atrophies uniformly. 
There is no appreciable renal function, but renin may be 
elaborated and may cause hypertension. 

Treatment of renal artery embolism depends on the pa- 
tient’s underlying medical condition and the status of the 
contralateral kidney. Attempts at revascularization can be 
made with lytic therapy delivered directly into the renal 
artery through an arterial catheter. Although this is not re- 
warding as often as lysis of clot that forms behind an arterial 
stenosis, excellent results have been reported. Many patients 
are treated with anticoagulant therapy, although surgical 
revascularization may be attempted in selected cases. 


FIGURE 9.13. Chronic infarction. A: An acute infarction is seen as a wedge-shaped unenhanced 
area with preservation of the periphery by capsular vessels (arrow). B: Six months later a cortical 


scar is present (arrow). 
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Arterial Thrombosis 


Thrombosis of the renal artery occurs most commonly as a 
complication of severe atherosclerosis. In such cases, 
atherosclerosis usually involves a variety of other arteries, in- 
cluding coronary and carotid arteries, which dominate the 
clinical picture. This gradual occlusion of the renal artery 
that finally results in thrombosis is usually clinically silent 
and results in ipsilateral renal atrophy. 

Acute thrombosis of the renal artery may occur after 
trauma. It usually follows blunt abdominal trauma in which 
the forces of acceleration or deceleration produce intimal 
tears, with resulting dissection of the renal artery and throm- 
bosis. Renal artery thrombosis also may result from subinti- 
mal dissection of the renal artery during arteriography. This 
is more likely to occur during an attempted transluminal an- 
gioplasty than during a diagnostic renal arteriogram. 

With acute renal artery thrombosis, the kidney remains 
normal in size. Unless extensive renal artery collaterals have 
developed, there is no renal function, and intravascular con- 
trast medium will not be excreted. Retrograde pyelography 
demonstrates a normal collecting system. 

Color flow Doppler ultrasound also may be used in the 
diagnosis of renal artery thrombosis. The most common 
finding is absence of an intrarenal arterial signal. If there is 
incomplete occlusion or collateral vessels are present, a se- 
vere tardus-parvus abnormality is detected. In some pa- 
tients, ultrasound may demonstrate a proximal renal artery 
stump. 

CT reveals lack of enhancement, although a thin periph- 
eral rim often remains viable because of collateral circulation 
through capsular arteries. Because collateral blood flow also 
may come from ureteric, gonadal, lumbar, or adrenal arter- 


ies, additional portions of the kidney, such as the medulla, 
also may be preserved. Arteriography may be used to con- 
firm the diagnosis of an occluded main renal artery. 

With gradual occlusion, the kidney usually diminishes in 
size over time and a small kidney remains (Fig. 9.13). If col- 
lateral vessels are present, there may be a small amount of re- 
nal function preserved. The renal contour is smooth, unless 
small infarcts have already occurred. The calyces remain 
normal if visualized by retrograde pyelography or if there is 
sufficient function remaining to image the collecting system 
during urography. 


ANEURYSM 


Aneurysms of the renal arteries are uncommon. They are 
rare in autopsy series, but may be seen during angiography. 
The most common etiology is atherosclerosis, but a dissect- 
ing aneurysm also may involve the renal artery. Mycotic 
aneurysms usually involve the aorta, but may occasionally 
affect the renal artery. 

Most patients are asymptomatic, and the aneurysm often 
is discovered incidentally during abdominal arteriography. 
Because hypertensive patients often undergo angiography to 
identify a renovascular etiology, it is not surprising that 
many patients found to have a renal artery aneurysm are hy- 
pertensive. In some patients, surgical resection of the 
aneurysm results in cure of the hypertension. However, 
these patients usually have an associated renal artery steno- 
sis and lateralizing renal vein renin levels. 

Renal artery aneurysms often contain clot and may give 
rise to renal emboli with or without infarction. The risk of 


FIGURE 9.14. Renal artery aneurysm. A: A ring of calcium in the region of the left renal artery is 
identified on an abdominal radiograph. B: A selective left renal arteriogram reveals a renal artery 


aneurysm (arrow). 


rupture is small, but is more likely in hypertensive or preg- 
nant patients. Calcified aneurysms rarely rupture. 

If calcified, a renal artery aneurysm can be recognized on 
the plain abdominal radiograph (Fig. 9.14A). However, the 
appearance of a curvilinear calcification could be caused by 
a tortuous or wandering splenic artery, or even a nonvascu- 
lar etiology. 

An aneurysm is seen as a hypoechoic mass along the 
course of the renal artery. The Doppler signal arising from 
the aneurysm depends on the amount of thrombus and the 
size of the neck of the aneurysm. 

Renal artery aneurysms also may be demonstrated by 
CT. Calcification along the wall of the aneurysm is readily 
detected on unenhanced images (Fig. 9.15). After contrast 
administration, variable enhancement is found, depending 
on the amount of thrombus within the aneurysm. 

Arteriography may be required for a definitive diagnosis 
(Fig. 9.14B), and even small, noncalcified aneurysms are 
easily identified unless thrombosed. The aneurysm may be 
partially or completely filled with thrombus, which prevents 
its opacification. Thus, thrombosed uncalcified aneurysms 
may be missed by arteriography. 

Surgical treatment for a renal artery aneurysm is usually 
not necessary. If renin-dependent hypertension can be 
demonstrated, resection is indicated. However, the presence 
of symptoms including flank pain or hematuria may be co- 
incidental with, but not caused by the aneurysm, and 
surgery should be undertaken with caution. 


Mycotic Aneurysm 


A mycotic aneurysm is one that arises as a result of an infec- 
tious process in the arterial wall. They may occur as a result 
of septic emboli, often from bacterial endocarditis, but also 
are seen in intravenous drug abusers. Septic emboli tend to 


FIGURE 9.15. Renal artery aneurysm. A densely calcified left re- 
nal artery aneurysm (arrow) is clearly visible on this unenhanced 
computed tomography examination. 
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lodge at a branch point, a site of rapid vessel tapering, or a 
sharp bend in the artery. Mycotic aneurysms also may result 
from direct spread from a contiguous infection or from bac- 
teria lodging in the vasa vasora or in the diseased intima. 

Once established, the infection weakens the arterial wall 
and has a high incidence of rupture. Identification of a my- 
cotic aneurysm also may be the first clue to an underlying 
bacterial endocarditis. Because the aneurysm may harbor 
bacteria despite antibiotic therapy, surgery may be needed 
to eradicate the site of infection. 


ARTERIOVENOUS FISTULA 


An arteriovenous fistula is an abnormal communication be- 
tween the arterial and venous circulation that bypasses the 
capillary bed. Congenital fistulae or arteriovenous malfor- 
mations (AVMs), also known as angiomas or angiodys- 
plasias, are uncommon. 


Congenital 


Congenital AVMs often are asymptomatic and may not be 
detected in patients until they are well into adult life. They 
are found more often in women than men, and hematuria is 
the most common presenting complaint. If large enough, an 
AVM may decrease perfusion to the renal parenchyma, re- 
sulting in renal ischemia and renin-mediated hypertension. 

The findings on excretory urography are dependent on 
the size and location of the lesion. Large AVMs located near 
the collecting system may create extrinsic compression on 
the renal pelvis. If there is hematuria, blood clots may be 
seen. 

Color flow Doppler ultrasound has become the best non- 
invasive modality to evaluate AVMs and arteriovenous fis- 
tulae. Malformations are seen as focal flow areas with a mix- 
ing of Doppler shift frequencies. However, this technique is 
insensitive to AVMs with minimal flow. 

Arteriography may be needed for a definite diagnosis, 
and many small AVMs can be detected only with selective- 
magnification renal arteriography. Arteriovenous malfor- 
mations often are classified as cirsoid or aneurysmal. Cirsoid 
AVMs have multiple small arteriovenous communications 
(Fig. 9.16), whereas aneurysmal AVMs have only a solitary 
communication. The cirsoid variety tends to be located ad- 
jacent to the collecting system and often causes hematuria. 
The aneurysmal AVM is more likely to cause an abdominal 
bruit and hypertension. 


Acquired 


Acquired arteriovenous fistulae do not have the female pre- 
ponderance seen with congenital AVMs. Because trauma 
due to a penetrating injury or biopsy is the most common 
etiology, they often are seen in men. 
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FIGURE 9.16. Congenital arteriovenous malformation. A tangle 
of vessels is seen in the right kidney (arrow). 


Idiopathic 


Arteriovenous fistulae that appear to be acquired rather than 
congenital, but do not have an identifiable etiology, are clas- 
sified as idiopathic. They may arise by erosion of a renal 
artery aneurysm into the adjacent vein. 

The physiologic effect of an arteriovenous fistula de- 
pends on the size of the fistula and its specific location. The 
artery supplying the fistula enlarges, and collateral vessels 
may develop if the fistula is larger than the artery feeding it. 
In some cases, retrograde flow may occur in the artery distal 
to the fistula. The draining veins are dilated, and their walls 
are thickened. This venous arterialization may even be asso- 
ciated with the development of atherosclerotic plaques. 

The most common clinical manifestation of renal arteri- 
ovenous fistulae is an abdominal bruit. Approximately half 
of symptomatic patients have cardiomegaly and congestive 
heart failure. Hematuria also is common. 

Hypertension, which is usually diastolic, is renin-medi- 
ated. The renal artery blood pressure and flow distal to the 
shunt are diminished. This relative renal ischemia stimulates 
renin secretion. 

The most frequent etiology of an acquired arteriovenous 
fistula (Fig. 9.17) is renal biopsy. Many more acquired arte- 
riovenous fistulae occur than are probably diagnosed be- 
cause imaging is performed only in those patients symp- 
tomatic enough to suggest a large fistula. Arteriovenous 
fistulae also may be seen as a complication of selective renal 
arteriography, especially during percutaneous transluminal 
angioplasty. In such cases, a stiff guidewire often is needed 
to lead the angioplasty catheter through the site of the renal 
artery stenosis. If the guidewire is passed out too far into the 


FIGURE 9.17. Acquired arteriovenous fistula. An arteriogram 
demonstrates rapid filling of the renal vein (arrows) after renal 
biopsy. Both the supplying artery and draining vein are enlarged. 


kidney, it will penetrate the renal artery and may enter an 
adjacent vein. 

Acquired arteriovenous fistulae may be easier to detect 
with ultrasound than congenital AVMs. Increased flow ve- 
locity is found in the feeding artery and the draining vein. 
The flow at the shunt site is highly turbulent. The resistive 
index in the feeding artery is markedly reduced. 

Small arteriovenous fistulae may heal spontaneously. 
Thus, many patients who develop a fistula after renal biopsy 
or angiography are not treated unless symptoms develop. 
Some of these fistulae may enlarge and require treatment. 

Significant arteriovenous fistulae may be treated with 
transcatheter occlusion. It is critical to assess the size of the 
communication and be sure that any embolic material will 
be captured in the fistula and not pass through to become a 
pulmonary embolus. The most common indications for 
treatment are persistent hematuria or hypertension that can 
be localized to the kidney containing the fistula. If all the 
communicating branches can be occluded, percutaneous 
therapy should be successful. If transcatheter occlusion can- 
not be performed, surgery may be needed. 


Postnephrectomy 


Although uncommon, a fistula may develop between the 
stump of the renal artery and the stump of the renal vein or 
vena cava after nephrectomy. Postoperative infection or ex- 
cessive bleeding requiring packing during surgery con- 


tribute to their development. These fistulae tend to be large 
and may be hemodynamically significant. 


RENAL VEIN THROMBOSIS 


Thrombosis of the renal vein is usually caused by an under- 
lying abnormality of hydration, the clotting system, or the 
kidney itself. Occasionally, extrinsic compression may oc- 
clude the IVC or the renal vein and may cause clot forma- 
tion due to absent or slow flow. Renal or left adrenal tumors 
may grow along the veins, resulting in tumor thrombus in 
the renal vein. Renal vein thrombosis is more common on 
the left side, presumably reflecting the longer left renal vein 
as opposed to the right. 

The clinical manifestations of renal vein thrombosis de- 
pend on the age of the patient, the specific disease process, 
and the speed with which it occurs. In infants, renal vein 
thrombosis often is an acute event incited by dehydration 
due to a volume-depleting illness such as severe diarrhea. The 
kidney swells and renal function deteriorates. If the venous 
occlusion is not relieved, the kidney will infarct and atrophy. 

In adults, the most common underlying abnormality is 
membranous glomerulonephritis. Approximately 50% of 
patients with membranous glomerulonephritis have renal 
vein thrombosis. Thrombosis occurs less frequently in 
lipoid nephrosis, immunoglobulin A (IgA) nephropathy, or 
minimal change disease. Although patients with renal vein 
thrombosis often present with the nephrotic syndrome, the 
protein loss is caused by the underlying renal disease rather 
than the venous thrombosis. In patients with no renal dis- 
ease and renal vein thrombosis, little or no proteinuria is 
seen. 

Masses that produce extrinsic compression on the renal 
vein also may induce renal vein thrombosis. Retroperitoneal 
fibrosis, a tumor mass, acute pancreatitis, trauma, and 
retroperitoneal surgery may each incite renal vein thrombo- 
sis. Thrombocytosis, elevated clotting factors, or dehydra- 
tion also may induce renal vein thrombosis. When throm- 
bosis is gradual in onset, symptoms may be mild. If 
sufficient collateral vessels exist, renal function may be un- 
affected. If thrombosis occurs more acutely, collateral vessels 
are less likely to develop and clinical symptoms such as back 
pain are common. Laboratory abnormalities are nonspe- 
cific; the marked proteinuria seen in these patients is caused 
by the underlying nephrotic syndrome rather than by the re- 
nal vein thrombosis. Pulmonary embolism is a common as- 
sociated problem. 

The radiographic findings also depend on the underlying 
disease process and the extent of collateral venous flow. If 
collateral veins are unable to drain the kidney adequately, 
the kidney will be enlarged. A persistent nephrogram is seen 
on excretory urography, and the collecting system is attenu- 
ated. However, because renal function is impaired, retro- 
grade pyelography may be required to exclude obstruction. 
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Sharp calyces, however, are usually seen well enough on an 
excretory urogram to exclude obstruction. 


IAL VEIN THROMBOSIS (ETIOLO 
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Ultrasound often is used to exclude ureteral obstruction, 
but also may demonstrate an enlarged, relatively hypoechoic 
kidney. In some cases, renal vein thrombosis can be imaged. 
With Doppler ultrasound, an arterial wave form is detected 
proximal to the venous clot. There is a shift in the antegrade 
systolic frequency and reversal of flow during diastole. 
These findings, however, are not specific for renal vein 
thrombosis because they also may be seen with acute tubu- 
lar necrosis or transplant rejection. 

CT may be used to exclude a renal mass such as a carci- 
noma growing into the renal vein. Renal enlargement with 
diminished opacification reflecting impaired function is 
seen. Edema in the renal sinus space and venous collaterals 
may be identified (Fig. 9.18). Intravenous contrast should 
opacify the renal veins; absence of enhancement of a kidney 
that has arterial flow implies venous thrombosis (Fig. 9.19). 
With current generation scanners, CT is highly sensitive in 
detecting renal vein thrombosis. 

Magnetic resonance imaging (MRI) is proving to be even 
more accurate than CT for vascular imaging, because it does 
not rely on good cardiac function to propel a bolus of con- 


FIGURE 9.18. Renal vein thrombosis. Thrombus is seen in the in- 
ferior vena cava and left renal vein (arrows) on an enhanced com- 
puted tomography scan in this patient with systemic lupus ery- 
thematosus. Edema is present in the renal sinus space, and 
collateral vessels can be seen in the perinephric space. 
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FIGURE 9.19. Renal vein thrombosis. The right kidney is en- 
larged and functions poorly. A small amount of contrast medium 
opacifies the intrarenal collecting system, which is attenuated 
but shows no evidence of obstruction. 


FIGURE 9.20. Renal vein thrombosis. A: A computed tomography scan through the level of the 
left renal vein demonstrates thrombosis (arrow) by the absence of enhancement. B: Below the 
kidneys, thrombosis of the inferior vena cava (black arrow) and left gonadal vein (white arrow) 
can be seen. C: A magnetic resonance image using a gradient-recalled echo technique confirms 
the renal vein thrombosis by the absence of signal (arrow). D: At a lower level, thrombosis of the 
inferior vena cava (arrowhead) and left gonadal vein (arrow) also are seen. 


trast medium to the renal veins and because it is less suscep- 
tible to motion artifact. It often is used to detect and delin- 
eate venous extension of renal adenocarcinoma, but can also 
be applied to renal vein or caval thrombosis. Rapidly ac- 
quired gradient-recalled echo images can be obtained with- 
out intravascular contrast media. This is especially valuable 
in patients with a contraindication to iodinated contrast me- 
dia (Fig. 9.20). 

Although renal venography is still the most definitive 
test, it is seldom needed because of the high accuracy of CT 
and MR. The normal renal vein should be visualized during 
the venous phase of a renal arteriogram. Absence of venous 
opacification implies obstruction. Direct renal venography 
also may be used to demonstrate venous thrombosis, but it 
is seldom necessary. 

Anticoagulation is the standard therapy for renal vein 
thrombosis. This prevents clot propagation, while endemic 
enzyme systems lyse or recanalize the thrombosed vessel. 
Pulmonary embolism is a common complication of renal 
vein thrombosis. Lytic therapy may be used in patients in 
whom the thrombosis is more acute and in whom the clini- 
cal manifestations are more severe. 


GONADAL VEIN THROMBOSIS 


Thrombosis of the gonadal veins unrelated to tumor throm- 
bus is seen most commonly in women during the postpar- 
tum period. Stasis of blood, increased levels of circulating 
clotting factors, and damage to the vessel wall are contribut- 
ing factors. Postpartum ovarian vein thrombosis is more 
common on the right; the left side may be spared by reflux 
of blood into the gonadal vein. Ovarian vein thrombosis 
also may be seen as a consequence of gynecologic surgery or 
pelvic inflammatory disease. Yassa and Ryst recently re- 
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ported finding ovarian vein thrombosis in 40 (80%) of 50 
patients who had undergone total abdominal hysterectomy 
and bilateral salpingo-oophorectomy with retroperitoneal 
lymph node dissection. The predilection for involvement of 
the right side was also present in this group of patients. 

Abdominal radiographs and excretory urography are un- 
revealing, although hydronephrosis of pregnancy may be ev- 
ident. Gray-scale and Doppler ultrasound may demonstrate 
an echogenic thrombus in an enlarged ovarian vein. 
However, much of the ovarian vein may be hidden by over- 
lying bowel gas, and CT is usually the preferred imaging 
modality. A low-density thrombus is easily detected on an 
enhanced abdominal CT examination (Fig. 9.21). MRI also 
may be used to detect ovarian vein thrombus (Fig. 9.20). 

Patients with gonadal vein thrombosis often are treated 
with antibiotics and anticoagulation, though asymptomatic 
patients, such as those with prior gynecologic surgery, may 
not require treatment. 


RENAL LYMPHANGIOMATOSIS 


Renal lymphangiomatosis is a rare disorder in which lym- 
phatic tissue fails to develop a normal communication with 
the rest of the lymphatic system. Cystic masses develop, usu- 
ally in the perinephric space immediately adjacent to the 
kidney, as a result of obstruction of larger lymphatics that 
drain through the renal pelvis. 

Patients may present with a palpable abdominal mass, or 
perinephric cystic masses may be found incidentally on 
cross-sectional imaging studies. The condition is usually bi- 
lateral and may be hereditary. Pregnancy may exacerbate the 
condition. Renal function is normal. 

Abdominal radiographs and excretory urography will 
likely appear normal. Multiple cystic masses are seen with 


FIGURE 9.21. Ovarian vein thrombosis. A: Thrombosis of the left ovarian vein (arrow) is demon- 
strated on this enhanced computed tomography scan. B: More cephalad images demonstrate 
thrombus extension into the left renal vein. Incidentally, note the hydronephrosis of pregnancy 
involving the right kidney in this recently postpartum female. 
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FIGURE 9.22. Lymphangiomatosis. Multiple, bilateral thin- 
walled cysts are seen in the perinephric space. 


sonography. In some cases, debris from previous hemor- 
rhage may be seen. Multiple, thin-walled cystic masses are 
seen on CT (Fig. 9.22). The density of the cystic masses ap- 
proximates that of water, unless hemorrhage has occurred, 
in which case the density is elevated. 

Renal lymphangiomatosis must be distinguished from 
autosomal-dominant polycystic kidney disease (ADPKD). 
Patients with ADPKD have innumerable parenchymal 
cysts, whereas the cysts are perinephric in lymphangiomato- 
sis. 

Because lymphangiomatosis is benign and most patients 
are asymptomatic, there is no treatment. 
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RENOVASCULAR HYPERTENSION IN CHILDREN 


Hypertension is a common medical problem that affects as 
many as one-third of the population at some time. It is de- 
fined as a diastolic pressure of 90 mm Hg or more and is 
graded as mild, moderate, severe, or malignant. Unfor- 
tunately, most cases of hypertension are idiopathic. No eti- 
ology can be found, and the patient must be treated with an- 
tihypertensive medication. In a minority of patients, 
however, a specific etiology can be identified. In many of 
these patients, appropriate therapy results in cure. 

The major etiologic categories of hypertension are reno- 
vascular, renal, endocrine, and neurologic. Renal parenchy- 
mal and renovascular hypertension are discussed in this 
chapter. Adrenal etiologies are addressed in Chapter 13. 


ETIOLOGIES 
Renal Parenchymal Hypertension 


A large number of parenchymal abnormalities have been as- 
sociated with hypertension including pyelonephritis, 
glomerulopathies, ureteral obstruction, and renal mass le- 
sions. Although many of these entities are common, they are 
seldom causally related to hypertension. However, docu- 
mentation of a causal role has been shown in some cases, 
with relief of hypertension when the parenchymal abnor- 
mality has been alleviated. 


Hydronephrosis 


Unilateral ureteral obstruction may cause hypertension by 
activating the renin—angiotensin system. Acute ureteral oc- 
clusion has been shown to result in unilateral renin secretion 
and the development of hypertension in dogs. Human data 
confirm this increased renin secretion in patients with acute 


ureteral obstruction, but not in patients with chronic 
ureteral obstruction. Surgical intervention should cure those 
patients with lateralizing renin levels. 


Renal Cyst 


Renal cysts, as well as other masses, may rarely cause renin- 
mediated hypertension. This may be due to compression of 
the main renal artery or of a branch renal artery and caus- 
ing ischemia. The resultant increased serum renin level leads 
to hypertension. Decompression of the cyst relieves the 
pressure on the renal artery and cures the hypertension. 
Cystic drainage can be performed percutaneously, but scle- 
rosis may be needed to prevent recurrence. If this cannot be 
done, surgery may be required. 


Chronic Pyelonephritis 


Chronic pyelonephritis is another curable etiology of hyper- 
tension, although hypertension in most patients with 
chronic pyelonephritis is idiopathic. Patients more likely to 
become normotensive after nephrectomy for chronic 
pyelonephritis are younger, have a more recent onset of hy- 
pertension, have a more severely involved ipsilateral kidney, 
and have a nearly normal contralateral kidney. Lateralizing 
renal vein renin levels may be used to predict patients likely 
to respond to surgery. 


Renal Carcinoma 


Both renal adenocarcinoma and Wilms’ tumor may cause 
hypertension in several different ways. The mass may cause 
extrinsic compression on the renal artery, resulting in is- 
chemia and increased renin secretion. Very vascular tumors 


may cause hypertension due to arteriovenous shunting. 
Rarely, a renal carcinoma or Wilms’ tumor may produce 
renin. In some patients, hypertension may be the presenting 
finding, and the renal tumor may be detected during the 
hypertension workup. Arteriography performed in these pa- 
tients must include both main renal arteries to exclude a sig- 
nificant renal artery stenosis (RAS) and possible reno- 
vascular hypertension in the contralateral kidney. 


Juxtaglomerular Tumors 


A renin-secreting tumor of the juxtaglomerular cells is a rare 
cause of hypertension. Patients with a juxtaglomerular tu- 
mor, or reninoma, range in age from 7 to 58 years, but of- 
ten are younger than 20 years of age. The tumors are almost 
twice as common among women than men. The most fre- 
quent symptoms are related to the hypertension and include 
headache, polydipsia, polyuria, and neuromuscular com- 
plaints resulting from hypokalemia. Hypertension in these 
patients is usually moderate to severe. 

The tumor is usually small and confined to the kidney, 
although a large (6.5-cm) tumor and a reninoma arising in 
the perinephric space have been reported. Juxtaglomerular 
tumors are usually sharply marginated and may be separated 
from the normal renal parenchyma by a pseudocapsule. 

Detection of a renal mass by excretory urography de- 
pends on the size and location of the tumor. Calcification is 
not seen. Ultrasound is most frequently useful in demon- 
strating that the mass seen at urography is solid rather than 
cystic. The juxtaglomerular tumor is relatively echogenic 
due to the numerous interfaces caused by the small vascular 
channels in the tumor. 

Computed tomography (CT) is quite sensitive in detect- 
ing juxtaglomerular tumors (Fig. 6.24), but their appear- 
ance is nonspecific. Contrast enhancement is needed, be- 
cause the tumor may be isodense with normal renal 
parenchyma on unenhanced scans. 

Reninomas may be detected at arteriography during an 
evaluation for possible renovascular hypertension. The tu- 
mor is typically hypovascular, even on selective renal arteri- 
ography. Thus, it is important to include the kidneys in the 
field of view and not focus merely on the aorta and main re- 
nal arteries. Juxtaglomerular tumors are detected by dis- 
placement of small intrarenal arteries (Fig. 10.1). 

Renal vein renin sampling will demonstrate elevated 
renin levels arising from the tumor. However, selective sam- 
pling from branch renal veins may be needed to confirm the 
abnormal renin secretion. 

Although few juxtaglomerular tumors have been re- 
ported, they appear to be benign. Thus, simple tumorec- 
tomy or partial nephrectomy is curative. 


Ask-Upmark Kidney 


Segmental hypoplasia has been recognized as a cause of hy- 
pertension since Ask-Upmark reported findings regarding 
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FIGURE 10.1. Juxtaglomerular tumor. A small hypovascular 
mass (arrows) is seen in the lower pole. 


six patients in 1929. The affected kidney is small and has 
few pyramids and a deep cortical groove overlying an ab- 
normal calyx or recess extending from the renal pelvis. 
Hyperplasia of juxtaglomerular cells has been reported, and 
excess renin secretion has been documented in some cases. 
The process may be unilateral or bilateral. 

An Ask-Upmark kidney may be seen in children and 
adults. Most children with an Ask-Upmark kidney are hy- 
pertensive, and often the hypertension is severe. The condi- 
tion is more common in female patients and is highly asso- 
ciated with vesicoureteral reflux and urinary tract infection. 

Because many patients have vesicoureteral reflux, there is 
some controversy over the etiology. The renal abnormalities 
are similar, and it may be impossible to distinguish the 
changes due to vesicoureteral reflux from an Ask-Upmark 
kidney radiographically. 

On excretory urography, the affected kidney is small and 
contains one or more deep cortical scars. The contralateral 
kidney often demonstrates compensatory hypertrophy. The 
calyx underlying the cortical scar is dilated and clubbed. 
Hypertrophy of adjacent renal tissue may splay the in- 
fundibulum, creating a mass effect. 

Arteriography demonstrates a normal renal artery. The 
size of the renal artery is proportional to the size of the kid- 
ney, which often is small. The size of the orifice of the renal 
artery also is proportional to the size of the vessel, indicating 
its congenital etiology (Fig. 10.2). 


Trauma 


Trauma may cause hypertension by causing injury to the re- 
nal artery or hypertension may be due to the compressive ef- 
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FIGURE 10.2. Ask-Upmark kidney. A: Aortography demonstrates a small left renal artery, but no 
focal stenosis. B: A focal parenchymal scar (arrow) is seen on later-phase films. Elevated renins 


were measured from the left renal vein. 


fect of a subcapsular hematoma. Traumatic injury may cre- 
ate an intimal hematoma or partial tear of the renal artery 
that results in renal ischemia. Selective renal arteriography is 
needed to detect the arterial lesion, which may affect the 
main renal artery or a branch vessel. Those patients with 
partial renal damage may be treated medically because the 
hypertension may resolve spontaneously. If the kidney is 
threatened, however, urgent repair is required. 

Another mechanism of trauma-induced hypertension is 
the development of a subcapsular hematoma that com- 
presses the renal parenchyma, creating local ischemia and re- 
sulting in increased renin secretion. This phenomenon was 
first demonstrated by Page in 1939, when he produced ar- 
terial hypertension in laboratory animals by wrapping one 
kidney in cellophane. This induced a proliferative reaction 
that formed a fibrocollagenous shell, compressing the renal 
parenchyma. The hypertension results from excess renin se- 
cretion due to ischemia caused by the mass effect of the 
hematoma compressed against the kidney by the renal cap- 
sule. The development of hypertension is not acute, but 
may take months or even years to develop after the trauma. 

A subcapsular hematoma is easily seen on CT (Fig. 10.3). 
If hypertension develops subsequently, renal-vein renin lev- 
els should be measured. These will usually lateralize to the 
affected kidney. Arteriography shows no arterial injury, but 
the renal distortion by the subcapsular mass is seen. 
Evacuation of the hematoma should result in cure. 


Renovascular Hypertension 


Only a small minority of hypertensive patients have a reno- 
vascular etiology; the vast majority of patients have essential 
hypertension. Estimates vary, but the prevalence of renovas- 
cular hypertension among all hypertensive patients is only 
approximately 1% to 4%. It is difficult to predict on a clin- 
ical basis which patients have renovascular hypertension, 
but some characteristics make it more likely. 


Renovascular hypertension is more common among pa- 
tients at either age extreme. Patients younger than 20 years 
of age or older than 50 years of age are more likely to have a 
renovascular etiology, whereas patients with essential hyper- 
tension are usually between 30 and 50 years of age at onset. 
However, fibromuscular dysplasia, the second most com- 
mon cause of renovascular hypertension, typically affects 
women between 30 and 55 years of age. Rapid acceleration 
or severe hypertension is another indication of a renovascu- 
lar etiology, as is a severe hypertensive retinopathy. A flank 
bruit found on physical examination also suggests a reno- 
vascular etiology; it is especially common in patients with fi- 
bromuscular dysplasia. A family history of hypertension, 
more often is found in patients with essential hypertension. 

Renovascular hypertension is renin-mediated and occurs 
as a response to renal ischemia. Renin is an enzyme pro- 
duced in the juxtaglomerular apparatus of the kidney. It acts 
on the circulating serum protein angiotensinogen to pro- 


FIGURE 10.3. Subcapsular hematoma. Compression of the renal 
parenchyma indicates the subcapsular location. The compression 
creates local ischemia resulting in increased renin secretion. 


duce the inactive hormone angiotensin I, which, in turn, 
is converted to the active hormone angiotensin I. 
Angiotensin II has several properties that increase blood 
pressure. It stimulates aldosterone secretion from the 
adrenal cortex, causes arteriolar vasoconstriction, and exerts 
antidiuretic and antinatriuretic effects on the proximal renal 
tubule by promoting sodium reabsorption. 


The most important factor governing renin release is the 


afferent arteriole, which acts as a baroreceptor. The trans- 
mural pressure across this arteriole may decrease as a result 
of a reduction in perfusion pressure or decreased compliance 
of the arteriole. 

In patients with renovascular hypertension, the hyper- 
tension is dependent on the high circulating levels of an- 
giotensin II. Thus, either saralasin, an angiotensin II antag- 
onist, or the converting enzyme inhibitor captopril may be 
used to control the hypertension. 

Although many different processes may cause stenosis of 
the main renal artery, the most common are atherosclerosis 
and fibromuscular dysplasia. Rarely, renal artery stenoses 
may be congenital, may be caused by Takayasu’s aortitis, the 
middle aortic syndrome or irradiation, or may be associated 
with neurofibromatosis. 


Atherosclerosis 


Atherosclerosis accounts for approximately two-thirds of 
cases of significant narrowing of the main renal artery. The 
lesions usually occur at the origin of the renal artery or 
within the first 2 cm (Fig. 10.4). They often are circumfer- 
ential, but may be eccentric. Because atherosclerosis is a gen- 
eralized process, both renal arteries are frequently affected. 
If atherosclerosis is present at the renal ostia, it may not be 
possible to determine whether the plaque is renal or aortic 
in location. 

Atherosclerosis begins as a proliferation of smooth mus- 
cle cells in the intima and creates a mound that protrudes 


FIGURE 10.4. Atherosclerosis. Diffuse atherosclerotic changes 
are seen in the abdominal aorta as well as the right renal artery. 
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into the lumen. Lipid deposition follows with inflamma- 
tion, necrosis, and formation of atherosclerotic plaque. 

Atherosclerosis is more common in men than women, 
and is accelerated by smoking. The age at which patients 
present with hypertension is considerably older than in 
those with fibromuscular dysplasia. 


Fibromuscular Dysplasia 


Fibromuscular dysplasia (FMD) has only been recognized 
for the past 30 years, but it accounts for almost one-third of 
cases of renovascular hypertension. It may involve any layer 
of the renal artery and is classified as intimal, medial, or ad- 
ventitial. The medial variety can be subdivided into several 
more categories. 

Intimal fibroplasia consists of a concentric accumulation 
of collagen beneath the internal elastic membrane. This cre- 
ates a smooth stenosis, usually in the midportion of the re- 
nal artery. It is more common among children and is pro- 
gressive. 

Medial dysplasia is the most common type FMD and ac- 
counts for approximately 95% of cases. The subcategories 
reflect involvement of the inner or outer media, and the 
presence of collagenous infiltration, smooth muscle hyper- 
trophy, or medial dissection. 

Medial fibroplasia is the most common subtype of dys- 
plasia. There is replacement of smooth muscle by collagen 
that forms thick ridges. These alternate with areas of small 
aneurysm formation and result in the classic “string of 
beads” appearance seen with arteriography (Fig. 10.5). This 
type of medial dysplasia is most commonly seen in women 
20 to 50 years of age. Although it is progressive, it is usually 
responsive to percutaneous transluminal angioplasty. 

Collagen infiltrates the outer layer of the media in peri- 
medial fibroplasia. A beaded appearance similar to that seen 
in medial fibroplasia is present in the renal arteries, but is 
less dramatic because true aneurysms do not develop. 


FIGURE 10.5. Fibromuscular dysplasia. Thick ridges of collagen 
alternate with aneurysms to create a “string of beads” appear- 
ance typical of medial fibroplasia. 
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True medial hyperplasia is an uncommon form of medial 
dysplasia and consists of hyperplastic smooth muscle and fi- 
brous tissue. Focal stenoses are seen, but aneurysm forma- 
tion is not present (Fig. 10.6). 

Medial dissection also is uncommon and may be histo- 
logically indistinguishable from other forms of medial dys- 
plasia. In this form, a new channel is formed in the outer 
third of the media. 

In adventitial dysplasia, a collagenous infiltrate sur- 
rounds the adventitia. Either discrete focal or longer tubular 
stenoses may be produced. 

Fibromuscular dysplasia is not limited to the renal arter- 
ies, but also is seen in cephalic, visceral, and peripheral ar- 
teries. Fibromuscular dysplasia involves the carotid and ver- 
tebral arteries, but tends to spare the intracranial vessels. 
Transient ischemic attacks may be due to involvement of 
cephalic vessels by FMD. 

Most patients are asymptomatic when the visceral arter- 
ies are affected by FMD. Symptoms of intestinal angina 
have been reported due to lesions in the superior mesenteric 
artery. The hepatic artery also may be involved, but seldom 
causes symptoms. 

Peripheral arteries are seldom affected, but reports have 
confirmed involvement of most medium and large muscu- 
lar arteries. Claudication may result if arterial flow is com- 
promised. 


Takayasu's Aortitis 


Takayasu’s disease is a granulomatous arteritis that com- 
monly involves the aorta and its major branches. It has a 
marked female preponderance and is usually seen in patients 
younger than 35 years of age. Although primarily seen in 


FIGURE 10.6. Fibromuscular dysplasia. The focal stenosis (arrow) 
suggests medial hyperplasia. 


Asians, cases are being reported with increasing frequency in 
western nations. Temporal arteritis is histologically similar, 
but is confined to small vessels and is typically found in 
older patients. 

Because major branches of the abdominal aorta often are 
affected, hypertension is a common complication of 
Takayasu’s disease. The hypertension may be caused by 
coarctation of the aorta or main RAS. 

Symptoms of Takayasu’s aortitis are nonspecific and of- 
ten are not recognized until the disease is well advanced. 
Takayasu’s disease is classified into four types. 

Arteriography demonstrates vascular narrowing of the 
aortic arch or great vessels arising from the arch (type 1); de- 
scending thoracic and upper abdominal aorta (type 2); aor- 
tic arch vessels, abdominal aorta, and major branches (type 
3); or pulmonary arteries (type 4). Typically, there is a 
smooth, tapered narrowing of the affected artery. Skip areas 
may occur, and multiple vessels are commonly involved. 
The disease may progress to complete occlusion. Treatment 
is usually surgical, but successful transluminal angioplasty 
has been reported. 


Middle Aortic Syndrome 


This rare syndrome of diffuse narrowing of the abdominal 
aorta often affects the visceral and renal arteries. It occurs in 
young patients, most often in the second decade of life. 
Hypertension is typically severe. An abdominal bruit and di- 
minished femoral pulses in a young patient may suggest the 
diagnosis. The prognosis is poor; the patients often die from 
cerebral hemorrhage, hypertensive encephalopathy, stroke, 
and congestive heart failure. 

The middle aortic syndrome is distinct from aortic coarc- 
tation, which is a congenital lesion. Multiple etiologies are 
responsible for the middle aortic syndrome and include a 
chronic inflammatory aortitis, atherosclerosis, and cystic 
medial necrosis. The disease is progressive and does not re- 
spond well to transluminal angioplasty. Thus, treatment 
consists of surgical revascularization. Although surgery is 
best performed after the patient is fully grown, the severity 
of disease may mandate an earlier aggressive surgical ap- 
proach. 

The radiographic manifestations depend on the specific 
vessels involved. Stenosis of a renal artery may result in a 
small kidney with delayed excretion of contrast medium on 
urography. 

Arteriography is required to define the vascular involve- 
ment. A smooth tapering of the distal thoracic or abdomi- 
nal aorta is seen. Narrowing often is severe and is usually 
most marked in the infrarenal aorta. The renal arteries are 
commonly affected with long stenoses (Fig. 10.7). Lateral 
views may demonstrate narrowing of the celiac or superior 
mesenteric arteries in as many as 90% of patients. 

The middle aortic syndrome must be distinguished from 
Takayasu’s disease. Patients with Takayasu’s disease are usu- 


FIGURE 10.7. Middle aortic syndrome. Tubular narrowing of the 
mid-aorta has resulted in bilateral renal artery stenoses (arrows). 


ally slightly older and have other manifestations of arteritis, 
such as fever and an elevated sedimentation rate. The great 
vessels of the chest often are involved in Takayasu’s disease, 
but not in the middle aortic syndrome. 


Renal Transplantation 


Approximately 50% of patients develop hypertension after 
receiving a renal allograft. In the early period after trans- 
plantation, acute rejection is the most common cause of hy- 
pertension. High-dose glucocorticoid therapy contributes to 
hypertension, but this can be reduced by using an alternate- 
day regimen for long-term therapy. Stenosis of the trans- 
plant renal artery is another possible cause of hypertension 
(Fig. 10.8). This stenosis may be caused by acute angulation 
or extrinsic compression of the artery, ischemic injury dur- 
ing vascular clamping, or intimal fibrosis due to rejection. 

The incidence of hypertension is higher if the native kid- 
neys are left in place than if they are removed. This is most 
likely due to activation of the renin—angiotensin system, be- 
cause elevated renin levels can be measured in the native re- 
nal veins. 


Renal Artery Aneurysm 


There is an association between renal artery aneurysms and 
hypertension. However, it is not clear how often the hyper- 
tension is caused by the aneurysm. Renin-mediated hyper- 
tension may be produced by extrinsic compression of the 
main renal artery or an intrarenal branch artery by the 
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FIGURE 10.8. Renal transplant. A focal transplant renal artery 
stenosis (arrow) is seen on this selective arteriogram. 


aneurysm, or by thrombus formation and occlusion of a 
branch artery. 

Vaughan and colleagues reported on 41 hypertensive pa- 
tients with renal artery aneurysms, but without associated 
renal or renal artery lesions. Narrowed vessels with delayed 
flow of contrast and a segmental decreased nephrogram dis- 
tal to the aneurysm was interpreted as evidence of ischemia. 
Seven of eight (88%) patients followed for at least one year 
who underwent ipsilateral nephrectomy were cured. Other 
investigators, however, have found additional renal artery 
stenoses that were likely responsible for the hypertension. 


SCREENING 


Because it is extremely difficult to predict on a clinical basis 
which patients have renovascular hypertension, a radio- 
graphic screening test is needed. However, the prevalence of 
renovascular hypertension is less than 5% of all hypertensive 
patients, so it is impractical to apply these tests to all hyper- 
tensive patients. Thus, a group of patients at increased risk 
for renovascular hypertension is selected to undergo radio- 
graphic screening for renovascular hypertension. The fol- 
lowing criteria often are used to select patients for radio- 
graphic screening: 


1. Age extreme, usually younger than 20 or older than 50 
years; 

. Recent onset of hypertension (less than 1 year); 

. Rapid acceleration of hypertension; 


. Malignant hypertension; and 
. A flank bruit. 
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A variety of radiographic screening tests have been used, 
and there is no consensus as to which is best. The choices 
may reflect local institutional bias, equipment available, 
physician interest or expertise, and the characteristics of the 
patient population. 


Hypertensive Urography 


Hypertensive urography is performed by rapidly injecting a 
bolus of contrast medium into a peripheral arm vein and ob- 
taining sequential radiographs of the kidneys at 1-minute 
intervals for 5 minutes. Additional films also are obtained to 
examine the kidneys and the remainder of the urinary tract 
for other pathology. Findings that suggest renovascular hy- 
pertension include a small kidney with delayed excretion 
(Fig. 10.9) and a delayed intense pyelogram. Extrinsic im- 
pression from collateral vessels also may be seen on the 
ureter or renal pelvis. The most reliable findings are delayed 
contrast excretion and a small kidney. 

Earlier reports on hypertensive urography, including the 
1972 publication of a multi-institutional cooperative study 
by Bookstein and associates, recommended the use of hy- 
pertensive urography to screen patients suspected of reno- 
vascular hypertension. Those patients with a positive uro- 
gram were recommended for arteriography. However, 
further analysis has not supported this approach, and the 
false-negative (22%) and false-positive (13%) rates were too 
high for use as a screening test. Improvements in competing 
modalities combined with the insensitivity of the hyperten- 
sive urogram have resulted in its abandonment for this pur- 
pose. 


Radionuclide Renography 


Radionuclide renography coupled with the administration 
of an angiotensin-converting enzyme (ACE) inhibitor, cap- 


FIGURE 10.9. Hypertensive urogram. Delayed excretion from 
the right kidney indicates right renal artery stenosis. 


topril or enalaprilat, has emerged as the best radiologic 
method of screening for suspected renovascular hyperten- 
sion in patients with normal renal function. The strength of 
the captopril renogram lies not only in a relatively high sen- 
sitivity (90%) and specificity (95%), but also in its ability to 
accurately predict which patients are likely to benefit from 
angioplasty or surgical revascularization. The examination is 
usually performed as a radionuclide renal perfusion study 
using technetium-99m diethylenetriaminepentaacetic acid 
(?°™Tc-DTPA); the study is then repeated after the oral ad- 
ministration of 25 to 50 mg of captopril. Alternatively, 
enalaprilat may be used instead of captopril. Enalaprilat is 
injected intravenously 15 minutes before administration of 
the radiopharmaceutical. This avoids the uncertainty of gas- 
trointestinal absorption of captopril but does have a greater 
risk of a hypotensive reaction. A positive study will demon- 
strate a profound decrease in the perfusion of the kidney 
when a significant RAS is present (Fig. 10.10). 

This technique is effective because the ACE inhibitor 
does not affect the glomerular filtration rate (GFR) in pa- 
tients with normal renal arteries or those with essential hy- 
pertension. In patients with hemodynamically significant 
RAS, however, the conversion of angiotensin I to an- 
giotensin II is blocked by the action of the ACE inhibitor; 
this produces efferent arterial vasodilation and a corre- 
sponding decrease in renal perfusion pressure. This results 
in a decrease in GFR and a decrease in the accumulation of 
the tracer in the kidney with RAS. 

Acceptance of captopril renography as the primary 
screening method has been hindered by the lack of a stan- 
dardized protocol for the performance of the examination, 
which makes comparison of data from the published series 
difficult. There are differing opinions regarding whether or 
not a baseline study without the ACE inhibitor is necessary. 

ACE inhibitor renography is highly accurate in patients 
with normal renal function. In patients with azotemia, the 
test may result in an intermediate probability. In the appro- 
priate clinical setting these patients may be referred to an- 
giography for further evaluation. 


Doppler Ultrasound 


The velocity of blood flow can be measured with Doppler 
ultrasound. If the peak velocity in the renal artery exceeds 
100 cm per second or the ratio of the peak renal artery to the 
peak aortic velocity is greater than 3.5, it is likely that a sig- 
nificant renal artery stenosis exists. However, there are nu- 
merous limitations to the use of this technique. The main 
renal arteries are more difficult to examine than the distal re- 
nal artery or its segmental branches. There may be more 
than one renal artery and the examination is time-consum- 
ing. A recent report by Halpern and colleagues suggests that 
CT angiography is more accurate than Doppler ultrasound 
for the detection of renal artery stenosis. 
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FIGURE 10.10. Captopril renogram. A: A posterior image demonstrates two kidneys of approxi- 
mately equal size. B: A posterior view after 50 mg of an angiotensin-converting enzyme inhibitor 
(captopril) demonstrates markedly reduced perfusion to the right kidney indicating a hemody- 
namically significant renal artery stenosis. C: A right renal artery stenosis (arrow) is confirmed on 


conventional arteriography. 


Computed Tomographic Angiography 


The advent of spiral (helical) CT scanning made CT an- 
giography (CTA) feasible. Continuous scanning through 
the area of interest during a single breath-hold provides data 
of sufficient fidelity to reconstruct three-dimensional (3D) 
images (Fig. 10.11). A variety of scanning protocols have 
been used and may be tailored to the length of the part be- 
ing studied. 

Accessory renal arteries are almost always detected with 
CTA. Renal artery stenoses, in either the main or an acces- 
sory renal artery, are also detected with a high degree of ac- 
curacy. The sensitivity and specificity of CTA in detecting 
renal artery stenoses of 50% or more are approximately 90% 
and 97%, respectively. When only stenoses of 75% or 
greater are considered, the sensitivity is even higher. Since 
many of the false-positive and false-negative results are from 
accessory arteries, the accuracy of detecting stenoses in the 
main renal arteries is nearly as good as arteriography. 


Magnetic Resonance Angiography 


Magnetic resonance angiography (MRA) has been used to 
detect renal artery stenosis using time-of-flight and phase- 
contrast techniques. These studies have been limited by tur- 
bulent blood flow, which results in signal dropout, and by 
image degradation from respiratory motion. Three-dimen- 
sional gadolinium (3D-Gd) MRA eliminates these prob- 
lems by acquiring a complete data set in a single breath-hold 
(Fig. 10.12). The vessel contrast is caused by shortening of 
the T1 relaxation time of arterial blood. This technique can 
be complemented with 3D-phase contrast angiography, 
which aids in assessing the severity of the stenosis by reflect- 
ing flow turbulence by signal dropout. In addition to being 
a noninvasive test, MRA does not require a nephrotoxic 


contrast material, nor is ionizing radiation involved. Thus, 
MRA may be used in patients with compromised renal 
function without fear of contrast nephropathy. 

The results of clinical studies in this rapidly evolving field 
have been encouraging. When compared to angiography, 
the sensitivities and specificities of MRA for the detection of 
renal artery stenosis are greater than 90%. The primary lim- 
itations of the 3D-Gd MRA technique include spatial reso- 
lution, optimal bolus timing, and the need to keep the scan 
time short enough for breath holding. 

MRA may be used to detect stenoses involving the prox- 
imal portion of the renal artery, the most common site of in- 
volvement by atherosclerosis. Evaluation of the branch or 
accessory renal arteries is more difficult. It is also not clear 
how well this technique will detect fibromuscular dysplasia. 
The renal parenchyma is seen on both MRA (Fig. 10.13) 
and CTA (Fig. 10.14) images, which helps to assess the like- 
lihood of return of function after revascularization. 


Arteriography 


Arteriography remains the gold standard for the detection of 
renal artery stenosis. The hemodynamic significance may be 
assessed by the severity of the stenosis and by the presence or 
absence of collateral vessels. Lesions must occlude at least 
50% of the vessel diameter to be considered significant. 
However, this measurement is imprecise and does not assess 
the cross-sectional area or, more importantly, flow. 
Collateral vessels indicate that the lesion is significant be- 
cause alternate pathways to provide flow have developed. 
Epinephrine may further restrict flow to the kidneys and 
may make these collaterals more apparent (Fig. 10.15). 
The most appropriate treatment often may be deter- 
mined by the nature and location of the stenosis. A focal 
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FIGURE 10.11. Computed tomographic angiogra- 
phy. A: Extensive vascular disease is seen in the ab- 
dominal aorta, but the origin of the left renal 
artery is not well visualized. B: An oblique view 
demonstrates a high-grade stenosis of the proximal 
left renal artery (arrow). C: The stenosis (arrow) is 
also demonstrated on a shaded surface display im- 
age. 


FIGURE 10.12. Magnetic resonance angiography. A high-grade 
left renal artery stenosis (arrow) is clearly demonstrated on this 
gadolinium-enhanced magnetic resonance angiogram. (From 
Prince MR, Narasimham DL, Stanley JC, et al. Breath-hold three- 
dimensional gadolinium-enhanced MR angiography: develop- 
ments for imaging the abdominal aorta and its major branches. 
Radiology 1995;197:785, with permission.) 
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FIGURE 10.13. High-grade renal artery stenosis. A: Magnetic resonance angiography demon- 
strates complete occlusion of the proximal left renal artery (arrow). B: A delayed image demon- 
strates enhancement of an atrophic left kidney from collateral vessels. 


FIGURE 10.14. Atrophic left kidney. Chronic renal artery steno- 
sis has resulted in a severely atrophic left kidney. 


FIGURE 10.15. Renal artery steno- 
sis with collateral vessels. A: A con- 
ventional left renal arteriogram 
demonstrates fibromuscular dyspla- 
sia. B: Repeat arteriogram after the 
intraarterial injection of 5 Mgm of 
epinephrine shows collateral ves- 
sels (arrow) not seen on the initial 
run. 
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stenosis of the main renal artery often responds to percuta- 
neous transluminal angioplasty (PTA), whereas a long 
stenosis, orifice lesion, or bilateral disease does not do as 
well. In most centers, PTA is the treatment of choice for a 
renal artery stenosis. However, surgery may be selected for 
lesions that will be technically difficult for PTA, or for le- 
sions at the renal orifice, which may be caused by atheroscle- 
rosis of the aorta, rather than the renal arteries. 


Renin Measurement 


Because renovascular hypertension is renin-mediated, 
serum renin levels should be elevated. Indeed, peripheral 
renin levels more often are elevated in patients with reno- 
vascular hypertension than in patients with essential hyper- 
tension. Sodium depletion has been used to reduce renal 
blood flow and further stimulate renin secretion. 

Selective renal-vein sampling provides a method of mea- 
suring the renin level secreted by each kidney. Samples from 
the main renal veins and inferior vena cava are usually suffi- 
cient. If a renin-producing tumor or branch renal artery 
stenosis is suspected, more selective samples may be needed. 
The position of the catheter should be monitored fluoro- 
scopically to make sure the catheter is correctly positioned 
before samples are obtained. Retroperitoneal collateral ves- 
sels and the gonadal veins must be avoided (Fig. 10.16). An 
ipsilateral/contralateral renal-vein renin ratio of 1.5 or 
greater is generally considered lateralizing and predictive of 
renovascular hypertension. Such patients are likely to be 
cured by correction of the renal artery stenosis. 

Multiple studies support the use of this renal-vein renin 
ratio. A lateralizing ratio predicts a favorable response to 
correction of the renal artery lesion in more than 90% of pa- 


tients. However, not all series report such high accuracy. A 
nonlateralizing result is not nearly as specific, because false- 
negative rates of greater than 50% are commonly reported. 
Thus, many physicians prefer to correct the renal artery le- 
sion regardless of the renin measurements. 


TREATMENT 
Percutaneous Transluminal Angioplasty 


Percutaneous transluminal angioplasty was first performed 
in 1963 and reported in 1964 by Dotter and Judkins, who 
inadvertently cannulated an occluded iliac artery. Since 
then, major advances by Porstmann, Zeitler and associates, 
and van Andel have contributed to the increasing use and 
success of the procedure. In 1976, Gruntzig and colleagues 
introduced a sophisticated balloon catheter that allowed 
PTA to be performed on renal and coronary arteries. Since 
the first report of renal artery PTA in 1978, it has rapidly be- 
come accepted as the treatment of choice for many patients 
with renovascular hypertension. 


Mechanism 


Transluminal angioplasty procedures are designed to en- 
large the lumen of a stenotic artery. Because atheromatous 
material is not compressible, it must be fractured and 
pushed out into the wall of the artery. This requires a dehis- 
cence of the intima of the renal artery. The arterial media 
also is split and the adventitia is stretched beyond its elastic 
recoil. The atheromatous plaque is forced into the medial 
portion of the artery. The adventitia remains intact, the me- 


FIGURE 10.16. Renal vein renin col- 
lection. A: A catheter lies in each re- 
nal artery. B: Care must be taken not 
to draw samples from retroperitoneal 
or gonadal veins (arrow). 


dia heals by fibrosis, and there is reendothelialization over 
the tears in the intima. 

A similar process of controlled injury also occurs with 
nonatherosclerotic stenoses. The intima is disrupted, and 
the lesions are split or stretched beyond their point of elas- 
tic recoil. 


Results 


The overall technical success rate for PTA is generally re- 
ported as 80% to 95%. The number, type, and location of 
the lesions contribute significantly to the success or failure 
of the procedure. Better results can be expected with in- 
creased experience. Martin and colleagues reported a statis- 
tically significant increase in the technical success rate from 
93% to 97% when results of the first 100 PTA cases were 
compared with the second 100 PTA cases. They also noted 
a concomitant decrease in the total complications from 
20% to 13%. A variety of technical innovations also con- 
tribute to this improved success. Better guidewires, cath- 
eters, and vascular sheaths as well as the use of less contrast 
medium, increased patient hydration, and digital imaging 
to speed the entire procedure all contribute to these im- 
proved results. 

Recurrent stenoses occur in 10% to 20% of patients, but 
are most commonly seen when there is incomplete dilation 
of the lesion. Thus, it is most important to obtain a good 
initial result. A restenosis can be approached as a new lesion 
and attempts at redilating a recurrent stenosis are generally 
good, but with a slightly decreased success rate. 

Some of the problems associated with renal artery angio- 
plasty can be alleviated with a vascular stent. Several differ- 
ent types of stents are available for human use including the 
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Wall stent endoprosthesis (Boston Scientific, Boston) and 
the Corinthian, Palmaz and Smart stents (Cordis 
Endovascular; Warren, NJ). Each stent has advantages and 
disadvantages. In view of the good results reported with bal- 
loon angioplasty, stent placement is reserved for patients 
who have an inadequate dilation, recurrent stenosis, renal 
artery dissection, or obstructive intimal flaps. Since ostial 
lesions and stenoses that are eccentric or associated with a 
calcified plaque often respond poorly to PTA, these patients 
are more likely to be treated with a stent. Because stents are 
subject to restenosis from intimal hyperplasia, they are sel- 
dom placed in small arteries. 

The results of angioplasty vary with the type of lesion re- 
sponsible for the renal artery stenosis. Thus, the major cate- 
gories are considered separately. 


Atherosclerosis 

The best results are obtained with short, isolated stenoses in 
the midportion of the renal artery (Fig. 10.17). If the lesion 
is located at the origin of the renal artery, it may not be clear 
whether this is because of atherosclerosis of the renal artery 
or plaque within the aorta, which merely overhangs the ori- 
gin of the renal artery. Dilation of atherosclerotic plaque in 
the proximal portion of the renal artery can be performed 
with excellent results. However, plaque that arises from the 
aorta is only displaced during the dilation procedure, and a 
large residual stenosis often persists. 

When patients with atherosclerosis are analyzed, patients 
with occluded vessels or bilateral stenoses do not do as well 
as patients with unilateral nonostial lesions. Sos found that 
two-thirds of patients with a unilateral stenosis could be suc- 
cessfully dilated, but only 20% of patients with bilateral 
stenoses had technical success on both sides. Most patients 


FIGURE 10.17. Transluminal angioplasty. 
A: Preliminary arteriogram demonstrates 
generalized atherosclerotic changes as 
well as a tight renal artery stenosis (arrow). 
B: The lumen is widely patent after percu- 
taneous transluminal angioplasty. 
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with a technically successful dilation experience cure or im- 
provement in hypertension. The clinical response in pa- 
tients with bilateral disease reflects the technical difficulties 
in obtaining technically successful dilation. If the renal ar- 
teries are adequately dilated, a good clinical response often 
is achieved. However, since there is a high failure rate of one 
or the other artery, the overall chances of a good clinical re- 
sponse to attempted bilateral renal artery angioplasty are rel- 
atively poor. 

The likelihood of a successful result for percutaneous di- 
lation of ostial renal artery stenosis has been considered 
poor. However, Martin and coworkers (1992) found no sta- 
tistically significant difference in the long-term benefit of 
percutaneous angioplasty in a group of 110 patients with os- 
tial renal artery stenosis compared with a control group of 
94 patients with nonostial stenoses. 

The clinical response to PTA cannot be measured imme- 
diately or even at discharge from the hospital, because hy- 
pertension can recur during the first few months after an- 
gioplasty. Thus, at least 3 to 6 months of follow-up are 
usually required to assess the durability of the clinical re- 
sponse. Lesions do not usually recur after 6 months, al- 
though a new lesion may form as the underlying process of 
plaque formation continues. 

When all patients with atherosclerotic plaques are in- 
cluded, approximately 75% have a good clinical response to 
angioplasty. Approximately 25% of patients are cured (i.e., 
they become normotensive without medication). 
Approximately 50% of patients will be improved in that 
blood pressure is easier to control on fewer medications. 
Only approximately 25% of patients fail to respond because 
of the inability to dilate the renal artery stenosis or lack of 
blood pressure response. 


Fibromuscular Dysplasia 

Patients with fibromuscular dysplasia (FMD) almost uni- 
formly have good results from PTA. Since FMD typically 
occurs in young or middle-aged women, the access vessels 
are usually free of atherosclerotic plaque and tortuosity. 
Thus, the lesions are easier to approach. Although tight, 
web-like stenoses may be present, they seldom prevent 
guidewire and catheter access. Tegtmeyer and coworkers re- 
ported technical success in each of 27 patients with FMD; 
10 (37%) were cured and 17 (63%) showed improvement 
in hypertension. In 1985, Martin reported similarly excel- 
lent results, with 25% of patients cured and 60% improved. 


Takayasu’s Disease 

Although experience with PTA of renal artery stenosis sec- 
ondary to aortoarteritis is not as extensive as with atheroscle- 
rosis or FMD, the results have been very good. Scattered re- 
ports in the U.S. literature have shown a high rate of 
technical success and frequently good clinical response. 
Dong and associates performed PTA on 32 patients with 
Takayasu’s arteritis in Beijing, People’s Republic of China. 


A 6-month follow-up was available on 22 patients, 19 of 
whom benefited from the procedure. Thirteen patients were 
cured by PTA, six showed improvement, and only three 
failed to respond. All patients with unilateral disease had a 
good clinical response to PTA, while only 62% of patients 
with bilateral involvement were cured or improved. 


Renal Transplantation 

PTA of a renal artery stenosis in a transplanted kidney often 
is technically difficult. The renal artery may be placed as ei- 
ther an end-to-end anastomosis with the internal iliac 
artery, or an end-to-side anastomosis with the external iliac 
artery. Raynaud and colleagues performed PTA on 43 hy- 
pertensive renal transplant recipients who had stenosis of 
the transplant renal artery. In patients with end-to-side 
anastomoses, an ipsilateral femoral approach was used. In 
patients with an end-to-end anastomosis, a contralateral 
femoral approach was used most often, but an axillary ap- 
proach was occasionally required. The procedure was tech- 
nically successful in 35 (81%) patients, and 26 (74%) of 
these achieved clinical success. Most of the technical failures 
occurred in patients with end-to-end anastomoses. 


Neurofibromatosis 

Renal artery stenosis is a common cause of hypertension in 
young patients with neurofibromatosis. The renal artery is 
surrounded by ganglioneuromatous or neurofibromatous 
tissue. Intimal proliferation, thinning of the media, and 
fragmentation of the elastic tissue lead to arterial stenosis. 
PTA of these lesions is extremely difficult and is rarely suc- 
cessful. Baxi and colleagues reported successful PTA of a re- 
nal artery stenosis in a 19-year-old woman with neurofibro- 
matosis. They suggested that the lesion in that patient was 
more likely caused by dysplasia, which also may be seen in 
neurofibromatosis, but more frequently involves small in- 
trarenal arteries. 


Complications 


Complications of renal artery PTA may be considered as 
general complications, such as adverse contrast reactions or 
problems at the puncture site, or as problems specific to re- 
nal artery PTA, such as a rupture, dissection, embolus, or 
thrombosis of the renal artery. Idiosyncratic reactions to 
contrast media are rare, but should be treated as a reaction 
to intravenous contrast injection. Contrast-induced renal 
failure is a frequent problem, because many of these patients 
have preexisting azotemia, which is the primary risk factor 
for contrast nephropathy. Good hydration and judicious 
use of contrast medium will help to decrease the incidence 
of contrast-induced renal failure. Intraarterial digital sub- 
traction techniques are particularly helpful in avoiding this 
problem, because much less contrast medium is required. 
Problems related to the puncture site at the groin or axilla 
include bleeding, hematoma (Fig. 10.18), or false aneurysm 


FIGURE 10.18. Groin hematoma. A large pelvic hematoma (H) is 
detected by computed tomography after percutaneous translu- 
minal angioplasty. 


formation. The use of a sheath helps to reduce trauma to the 
vessel at the puncture site and may decrease the incidence of 
these complications. 

Major complications involving the renal artery occur in 
approximately 5% of patients. Renal artery dissection may 
result from a subintimal position of the guidewire or may re- 
sult from the dilation of the renal artery by the angioplasty 
balloon. The location of the catheter after crossing the 
stenosis should be tested with a small contrast injection. 
Even when the PTA proceeds without problem, a renal 
artery dissection may occur. Gardiner and associates re- 
ported three such cases, each of which resolved without sur- 
gical intervention. 

Thrombosis of the renal artery may be incited by disrup- 
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tion of the arterial intima, the presence of foreign material, 
or decreased flow due to occlusion of the renal artery by the 
angioplasty catheter. Vasospasm also may contribute to 
thrombosis by decreasing arterial flow (Fig. 10.19). 
Systemic anticoagulation is essential to prevent this prob- 
lem. Prevention of arterial spasm by premedication supple- 
mented with intraarterial nitroglycerin also is useful. 

Renal artery rupture is an acute emergency that must be 
treated surgically. The rapid blood loss through the renal 
artery is life-threatening (Fig. 10.20). If rupture occurs, the 
catheter should be left in the renal artery and the balloon in- 
flated in an attempt to occlude the bleeding vessel. This can 
be attempted while the patient is in the angiography suite, 
but does not alleviate the need for immediate surgery. 


Embolization 


Percutaneous transcatheter renal artery embolization may 
be used in a variety of clinical situations in which renal ab- 
lation is desired without surgery. Patients with end-stage re- 
nal disease may have hypertension that is difficult to control. 
The native kidneys of renal transplant recipients are not 
routinely removed, as these kidneys may help to excrete wa- 
ter and secrete two important hormones, vitamin D3 and 
erythropoetin. These patients are poor surgical risks, and 
mortality from bilateral nephrectomy ranges from 5% to 
10%. The morbidity and mortality of transcatheter renal 
ablation (as judged by small series and case reports) is lower 
than surgical nephrectomy. Renovascular hypertension is 
occasionally caused by a branch renal artery stenosis that 
cannot be crossed for PTA. If the feeding branch artery can 
be cannulated, that segment of the kidney can be infarcted 
in an attempt to cure the hypertension. 


FIGURE 10.19. Renal infarct. A: Dur- 
ing angioplasty the guidewire was 
passed into a lower-pole vessel, induc- 
ing spasm. B: A radionuclide scan 
demonstrates absent perfusion to a 
portion of the lower pole of the left 
kidney (arrow). 
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FIGURE 10.20. Renal artery rupture. A: A sharp cutoff of the left main renal artery is seen (ar- 
row). B: Contrast extravasation is appreciated on later films. The left kidney is displaced laterally 


by the retroperitoneal hematoma. 


RENOVASCULAR HYPERTENSION IN 
CHILDREN 


The incidence of hypertension in children is 1% to 2%, 
much lower than the incidence in the adult population. The 
majority of these hypertensive children have a secondary 
cause. 

Acquired renal parenchymal disease is the most common 
cause of hypertension among children. Other causes include 
the hemolytic uremic syndrome, renal trauma, nephrotic 
syndrome, and chronic pyelonephritis. Both acute glomeru- 
lonephritis and congenital malformation account for ap- 
proximately 20% of cases of renal hypertension. In approx- 
imately 10%, it is renovascular hypertension. Children with 
renovascular hypertension tend to be younger and. have 
higher levels of blood pressure than children with essential 
hypertension. Creatinine and urinalysis are usually normal 
in both groups. 

The most common etiology of renovascular hypertension 
among children is FMD. Surprisingly, FMD is seen more 
commonly among boys than girls. As in adults, the proximal 
portion of the renal artery is seldom involved, but unlike the 
adult population, the classic “string of beads” appearance is 
seldom seen in children. 

Renal artery stenosis due to neurofibromatosis is the next 
most common etiology for renovascular hypertension in 
children. The proximal renal artery is involved, and an asso- 
ciated hypoplasia of the abdominal aorta also may be in- 
volved. 

The middle aortic syndrome due to nonspecific aortitis 
was responsible for 4 of the 30 cases of renovascular hyper- 
tension reported by Stanley and coworkers. An irregular 
narrowing of the aorta with stenosis of the proximal renal 
artery is seen in these patients, and bilateral involvement is 
usual. 


Hypertensive urography is even less sensitive in children 
than in adults. Radionuclide tests are more promising, but 
in view of the high incidence of a secondary cause of hyper- 
tension, most children with suspected renovascular hyper- 
tension, undergo conventional arteriography. Digital tech- 
niques may be used, because less contrast medium is needed, 
and the examination may be performed more quickly than 
with conventional angiographic filming. However, intraar- 
terial injections often are needed to maintain a good con- 
trast bolus and to obtain optimal images. 

Renal vein renin sampling is as useful in children as in 
adults. A lateralizing result correlates with a good response 
to intervention. Subselective samples may be required if seg- 
mental disease is present. Thus, venous samples are best ob- 
tained after angiography. 

The treatment of renal artery stenosis causing renovascu- 
lar hypertension in children has traditionally been surgical. 
However, PTA has become the treatment of choice in 
adults, and is being used with increasing frequency in chil- 
dren, 

The success rate for PTA in children is lower than in 
adults for two reasons. The smaller size of the vessel and 
more frequent arterial vasospasm make children more diffi- 
cult to angiogram and dilate. The most common etiologies 
of renal artery stenosis in adults, atherosclerosis and FMD, 
respond well to PTA, whereas many children have a more fi- 
brotic process that cannot be adequately dilated. 

Mali and associates reported the use of PTA in 12 chil- 
dren and adolescents with renovascular hypertension. They 
subdivided their patients on the basis of the length and lo- 
cation of the renal artery stenosis. Those patients with a 
short stenosis in the mid- or distal portion of the renal artery 
responded well to PTA. The patients with a short stenosis 
near the origin of the renal artery were dilated, but had a 
poor clinical response. PTA was technically unsuccessful in 


patients with a long stenosis at or near the origin or the re- 
nal artery. 
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Miscellaneous Conditions 


RENAL FAILURE 


There is no clearly defined set of biochemical or clinical cri- 
teria that characterize “renal failure.” Most authors use this 
term to describe a patient whose renal function is insuffi- 
cient to maintain homeostasis. In this fashion, renal failure 
is distinguished from the term “renal insufficiency,” which 
characterizes a patient whose renal function is abnormal, 
but capable of sustaining essential bodily functions. Uremia, 
the clinical syndrome that results from renal dysfunction, 
may be present in untreated patients with both renal insuf- 
ficiency and renal failure. Uremia may result in symptoms 
related to a number of different organ systems including the 
gastrointestinal tract (nausea, vomiting), the cardiovascular 
system (hypertension, cardiac arrhythmias, pericarditis), the 
nervous system (personality changes, seizures, somnolence), 
and the hematopoietic system (anemia, bleeding diathesis). 
The term “end-stage renal disease” often is used to describe 
a patient with chronic renal failure whose renal deteriora- 
tion is irreversible and requires dialysis or renal transplanta- 
tion to sustain life. 


Acute Renal Failure 


Acute renal failure (ARF) is the sudden rapid deterioration 
in renal function. Classically, the causes of acute renal fail- 


ure are divided into three broad categories: (a) prerenal, (b) 
renal, and (c) postrenal. 

Prerenal causes are generally associated with volume de- 
pletion or renal hypoperfusion and are the most common 
causes of ARF. Such conditions include congestive heart 
failure, diuretic use, sepsis, dehydration, burns, hemor- 
rhage, cirrhosis with ascites, and diabetic ketoacidosis. 

Renal causes for ARF may result from damage to any 
portion of the kidney (i-e., the tubules, the glomerulus, the 
interstitium, or the blood supply). Acute tubular necrosis 
(ATN) is among the most common of these causes. 
Interstitial causes for ARF include acute urate nephropa- 
thy, multiple myeloma, and acute interstitial nephritis. 


ACUTE RENAL FAILURE 


m Prerenal 
m Hypopertusion 
a Renal 
-a Parenchymal disease 
w Tubular necrosis 
= Postrenal 
m Ureteral obstruction (bilateral) 
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Glomerular damage may cause ARF as a result of acute 
glomerulonephritis, drug toxicity, Goodpasture’s syn- 
drome, systemic lupus erythematosus, and other causes. 
Vascular causes for ARF include acute renal vein throm- 
bosis, renal artery occlusion, and scleroderma. 

Postrenal causes for ARF refer to the onset of renal fail- 
ure secondary to acute obstruction. Although postrenal 
causes of ARF account for only 15% of the cases, this en- 
tity is the most commonly sought cause for ARF, because 
acute obstruction represents the most easily reversed cause 
of acute renal dysfunction. 


Chronic Renal Failure 


The gradual progressive loss of renal function characterizes 
chronic renal failure. The renal dysfunction is attributable 
to the loss of functioning renal parenchyma and, as such, is 
irreversible. The causes of chronic renal failure are protean, 
but may be related to vascular disease (i.e., generalized arte- 
riosclerosis, arterial infarction), intrinsic renal disease (i.e., 
chronic glomerulonephritis, adult polycystic kidney dis- 
ease), systemic disease (i.e., diabetes mellitus, hypertension), 
or may be the result of long-standing obstruction (i.e., neu- 
rogenic bladder disease, posterior urethral valves). In most 
cases, the process of chronic renal failure eventually results 
in the need for dialysis or renal transplantation. 


IMAGING STUDIES IN RENAL FAILURE 
Plain Film Radiography 


The plain film should be used to detect renal parenchymal 
calcifications, to detect renal calculi or abnormal gas collec- 
tions in the patient with urosepsis, and to assess the bony 
pelvis for unsuspected renal osteodystrophy or metastatic 
disease. 


Excretory Urography 


Aside from nephrogram analysis (see below), the availability 
of cross-sectional imaging techniques and the concern over 
the use of intravascular contrast media in patients with renal 
insufficiency have relegated the role of excretory urography 
to one of historical interest. 


Nephrographic Analysis 


Fry and Cattell first reported that analysis of the pattern of 
the nephrogram in patients with renal dysfunction could 
yield information regarding its etiology. They reported 
three distinct nephrogram patterns: (a) the immediate, 
faint, persistent nephrogram associated with chronic 
glomerular disease; (b) the increasing dense nephrogram or 
obstructive nephrogram, usually present in acute extrarenal 
obstruction, but also present with hypotension (Fig. 11.1), 


FIGURE 11.1. A 10-minute film from an excretory urogram 
demonstrates an increasing dense nephrogram without a pyelo- 
gram in a patient who became hypotensive after contrast ad- 
ministration. After fluid resuscitation, the findings resolved. 


renal ischemia, acute glomerular disease, intratubular ob- 
struction, and acute renal vein thrombosis; and (c) the im- 
mediate, dense, persistent nephrogram characteristically 
present in ATN (Fig. 11.2) and occasionally in severe renal 
inflammatory disease. 

The immediate, faint, persistent nephrogram reaches its 
maximum intensity shortly after the contrast is injected and 
persists for several hours. It represents a decrease in the 
number of functioning nephrons, a decrease in the ability of 
the kidney to concentrate urine, and an increase in diuresis 
secondary to azotemia. The pathogenesis of the obstructive 
nephrogram is poorly understood, but probably represents a 
combination of increasing tubular distention and increased 
salt and water resorption in the tubule as the result of ob- 
struction. In systemic hypotension, the increasingly dense 
nephrogram is thought to occur as a result of increased salt 
and water resorption from the tubules and a reduced rate of 
clearance of the contrast from the plasma. In a patient suf- 


FIGURE 11.2. A 25-minute film from an excretory urogram in a 
patient with drug-induced acute tubular necrosis. An unchang- 
ing dense nephrogram is present. 
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fering an acute hypotensive contrast reaction (F ig. 11.1), the 
normal nephrogram pattern will be replaced by a dense, per- 
sistent nephrogram with a decrease in renal size and the loss 
of opacification of the collecting system on subsequent ra- 
diographs. A variant of the obstructive nephrogram, known 
as the striated nephrogram, occurs when there is prominent 
visualization of the medullary rays, bundles of cortical 
nephrons that extend into the medulla. This pattern may be 
seen in acute extrarenal obstruction, pyelonephritis, and 
conditions associated with prolonged tubular transit of con- 
trast material. The precise pathophysiology responsible for 
the immediate dense persistent nephrogram also is poorly 
understood, but may be related to recirculation of the con- 
trast medium through the venous or lymphatic systems. 
While these patterns are not always specific, nephrographic 
analysis is frequently helpful in differential diagnosis. 

Although these nephrographic patterns were described 
for urography, the same analysis may be applied to the com- 
puted tomography (CT) nephrogram. 


Ultrasound 


Ultrasound is the best available imaging study for the pa- 
tient with renal failure. In contrast to urography, and to a 
lesser extent, CT, ultrasound does not depend on renal 
function for the demonstration of renal anatomy. 
Therefore, in a patient with renal failure, sonography can 
easily distinguish a patient with normal-sized kidneys 
(which generally indicates ARF) from one with small kid- 
neys (which generally indicates chronic renal failure) (Fig. 
11.3). A perirenal lucency has recently been described in 
patients with renal failure. Although not proven, it was 
suggested that this hypoechoic rim represents edema. 
Sonography also can readily define the patient with adult 


FIGURE 11.3. Longitudinal sonogram of the right kidney 
demonstrates a small echogenic kidney characteristic of chronic 
renal parenchymal disease. 


polycystic kidney disease and can accurately depict the pres- 
ence of renal calculi, as a cause of or in association with re- 
nal failure. 

Ultrasound can screen for renal failure caused by ob- 
struction. Except for patients with bilateral iatrogenic post- 
operative obstruction, obstructive renal failure is usually 
chronic in nature and is associated with hydronephrosis; it 
is therefore readily detectable by ultrasound. Ritchie and 
colleagues retrospectively evaluated the diagnostic yield of 
sonography in 394 azotemic patients and found a 29% in- 
cidence of obstructive renal failure in a group of patients 
considered clinically to be at high risk for obstruction (i.e., 
known pelvic malignancy, known or suspected renal calcu- 
lus disease, suspected urosepsis, a palpable mass, recent 
pelvic surgery, or bladder outlet obstruction). In patients 
without known risk factors, the incidence of obstructive re- 
nal failure was 1%. The accuracy of ultrasound in screening 
for chronic renal obstruction is discussed in Chapter 16. 

Ultrasound also may provide limited information re- 
garding the nature of the underlying renal disease. Most re- 
nal parenchymal diseases result in increased cortical 
echogenicity (Fig. 11.3). Although such a finding has a high 
specificity, it has a relatively low sensitivity for detecting re- 
nal disease on screening sonography. A small number of re- 
nal diseases including lymphoma, acute pyelonephritis, and 
renal vein thrombosis characteristically result in decreased 
cortical echoes. Gouty nephropathy, medullary nephrocal- 
cinosis, renal tubular acidosis, and medullary sponge kidney 
may result in increased medullary echogenicity. Hricak and 
colleagues compared the ultrasonographic appearance of the 
kidneys with the results of renal biopsy in 109 patients. 
Although they found no direct correlation between the ul- 
trasonographic appearance and a specific disease process, 
they found a significant correlation between increased corti- 
cal echogenicity and a decreased level of renal function. 


Computed Tomography 


Computed tomography should be considered as an imaging 
study in patients with renal failure when ultrasonography is 
inconclusive. Even without intravenous contrast adminis- 
tration, CT can detect hydronephrosis, although in some 
cases differentiation from some forms of renal cystic disease 
may be difficult. CT may be useful in delineating the point 
and nature of an obstruction, as the dilated ureter may be 
imaged on sequential sections (Fig. 11.4). CT provides an 
accurate assessment of renal size and the degree of cortical 
atrophy that may be present. In some forms of renal cystic 
disease, CT is the imaging study of choice to detect a com- 
plication of the disease process (i.e., hemorrhage complicat- 
ing adult polycystic disease or the development of a solid re- 
nal tumor in patients with acquired cystic disease). Finally, 
CT is highly sensitive for the detection of renal calculi, even 
those not demonstrated on conventional radiography. 
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FIGURE 11.4. Noncontrast computed tomography scan through 
the pelvis demonstrates a dilated ureter (arrow). 


Radionuclide Studies 


Because the excretion of radiopharmaceuticals depends on 
renal function, they cannot be used to evaluate all patients 
with renal failure. This is particularly the case with tech- 
netium-99m diethylenetriaminepentaacetic acid (?°"Tc- 
DTPA), as it is excreted primarily by glomerular filtration. 
Iodine 131-labeled Hippuran ('*'l-Hippuran) and tech- 
netium-99m-mercaptoacetyltriglycine (??"Tc-MAGs), 
however, are excreted by tubular secretion, and thus may 
demonstrate the kidneys even when renal dysfunction is rel- 
atively advanced. Because '*'l-Hippuran has relatively poor 
imaging characteristics, its primary use is to produce time- 
activity curves (see Chapter 3) and to evaluate differential 
renal function when a unilateral process is present. If ob- 
struction is present, a percutaneous nephrostomy tube or a 
double-J ureteral catheter should be placed before perform- 
ing a radionuclide scan to estimate residual renal function, 
because potentially recoverable renal function will likely be 
overestimated if renography is performed while the kidneys 
are still obstructed. 

Radionuclide determination of the glomerular filtration 
rate also may be of value in some forms of medical renal dis- 
ease (see Chapter 3). 


Other Imaging Studies 


The role of angiography is extremely limited in the diagnos- 
tic evaluation of renal failure. Occasionally, the angio- 
graphic features of end-stage renal disease will be encoun- 
tered in patients being evaluated for another purpose. Such 
features include a pruned, tortuous appearance of the in- 
trarenal vessels, thinning of the renal cortex, and a slowing 
of arterial flow within the kidneys. The angiographic 
nephrogram may have a mottled or lucent appearance. A 
number of systemic diseases associated with renal failure 
may demonstrate multiple microaneurysms, including 


Wegener’s granulomatosis, polyarteritis nodosa, and sys- 
temic lupus erythematosus (see Chapter 9). Renal venogra- 
phy is used occasionally to confirm the diagnosis of renal 
vein thrombosis. 

Magnetic resonance imaging (MRI) was initially thought 
to have great promise for the evaluation of chronic renal fail- 
ure. This hope was based on reports that loss of the corti- 
comedullary distinction (CMD) was a relatively specific 
finding in some forms of medical renal disease. It has subse- 
quently been shown, however, that the loss of the CMD is 
not specific and may be present in normal patients who are 
well hydrated. There is continued hope, however, that mag- 
netic resonance spectroscopy may provide relatively disease- 
specific patterns in some forms of renal failure. 

Antegrade and retrograde pyelography are useful in es- 
tablishing the diagnosis of ureteral obstruction as a cause for 
renal failure (see Chapter 16). 


MEDICAL RENAL DISEASE 
Acute Tubular Necrosis 


Acute tubular necrosis (ATN) is the most common form of 
reversible acute renal failure. It has a wide range of causes in- 
cluding hemolysis, dehydration, hypotension, drugs (con- 
trast media, cisplatin, aminoglycosides, and other antibi- 
otics), heavy metals, and solvent exposure. ATN is 
commonly seen after cadaveric renal transplantation (see 
Chapter 12). The exact pathogenesis of ATN is poorly un- 
derstood, but some authorities believe that direct tubular 
damage is the initiating event and results in filling of the 
tubular lumen with cellular debris. Others believe that ATN 
is probably related to a disturbance in the renin—angiotensin 
axis that results in a global decrease in renal blood flow. 
Proponents of this theory prefer the term “acute vasomotor 
nephropathy,” because they believe that there is little pri- 
mary tubular damage and that the renal failure occurs be- 
cause of a redistribution of blood flow within the kidney. 


DEHYDRATION 


Drugs (contrast media, antibiotics, etc.) 
Heavy metals 

Hemolysis 

Hypotension 

Solvents 


The renal failure may be oliguric or nonoliguric. During 
the acute phase, azotemia is present, with blood urea nitro- 
gen and creatinine levels peaking after 10 to 30 days. The re- 
turn of renal function is typically heralded by the onset of a 
diuresis and a rapid return of renal function. 
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The kidneys in patients with ATN are enlarged bilater- 
ally. Urography, although no longer recommended as a di- 
agnostic procedure, characteristically demonstrates a dense 
persistent nephrogram as discussed above (Fig. 11.2). Ina 
minority of patients, an increasingly dense nephrogram, 
more characteristic of acute extrarenal obstruction, may be 
found. The nephrogram may be present for as long as 24 
hours after contrast administration. There is typically no 
opacification of the collecting system. 

A variety of sonographic appearances of ATN have been 
reported. Some authors report an increase in cortical 
echogenicity with preservation of corticomedullary defini- 
tion. Others have noted an increase in the echogenicity of 
the pyramids with a normal cortical appearance, whereas the 
opposite appearance (i.e., a decrease in the echogenicity and 
swelling of the pyramids), has been observed by still others. 
Rosenfield and colleagues have suggested, based on experi- 
mentally induced ATN in rats, that the sonographic ap- 
pearance of ATN depends on its etiology, thus accounting 
for the variable appearances reported. Platt and coworkers 
have suggested that an elevated resistive index (RI) on du- 
plex Doppler imaging is present in a majority of patients 
with renal failure secondary to ATN; they found this ele- 
vated RI in only 20% of patients in whom the azotemia was 
related to prerenal causes. 

On CT, nephromegaly with a patchy nephrogram may 
be found (Fig. 11.5). 

Initial enthusiastic reports that MRI would be helpful in 
differentiating renal transplant rejection from ATN have 
not been borne out. However, a report by Carvlin and col- 
leagues demonstrated that gadolinium-enhanced MRI stud- 
ies show perfusion abnormalities in experimentally induced 
ATN. Additional work is necessary to confirm the clinical 
utility of these observations. 


Acute Cortical Necrosis 


Acute cortical necrosis is a distinct form of ARF that results 
in ischemic necrosis of the renal cortex, including the 
columns of Bertin, while the medullary portions of the kid- 
ney are relatively spared. The process may occur diffusely 
throughout both kidneys and may result in complete ab- 
sence of renal function or may occur in a patchy distribu- 
tion, resulting in renal insufficiency. In both instances, there 
is a characteristic sparing of a thin rim of cortical tissue on 
the outer surface of the kidney because of preservation of the 
capsular blood supply. A large number of conditions are re- 
ported in association with cortical necrosis including burns, 
sepsis, snake bites, toxins, transfusion of incompatible 
blood, dehydration, and peritonitis. More than two-thirds 
of the cases, however, are reported to be associated with 
pregnancy, especially those complicated by placental abrup- 
tion, septic abortion, or placenta previa. The precise mech- 
anism by which cortical necrosis occurs remains obscure, 
however, a transient episode of intrarenal vasospasm leading 
to cortical ischemia is the probable mechanism. Other pos- 
sible explanations include intravascular thrombosis and 
damage to the glomerular capillary endothelium. 

The radiographic findings depend on the stage of the ill- 
ness. In the early stages of the disease, the kidneys are dif- 
fusely enlarged. On urography, there may be faint opacifi- 
cation of the collecting system, particularly if patchy cortical 
involvement is present. Over the course of several months, 
there will be smooth renal shrinkage. Characteristically, this 
will be accompanied by a distinctive form of tram-like calci- 
fication throughout the cortex, including the septal cortex 
(Figs. 11.6 and 12.8). The appearance of this calcification 
has been reported as early as 24 days after the onset of the 
illness, but more characteristically is found after 2 months. 
On ultrasonography, the outer cortex is hypoechoic, a find- 


FIGURE 11.5. Computed tomography (CT) scan of the abdomen 
shows a patchy nephrogram in a patient with acute tubular 
necrosis secondary to sepsis. CT was performed in search of an 
underlying abscess. 


FIGURE 11.6. Acute cortical necrosis. Bilateral cortical calcifica- 
tions characteristic of cortical necrosis are present. (From Pollack 
HM, ed. Clinical urography. Philadelphia: WB Saunders, 1990: 
1771, with permission.) 
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ing that has been reported soon after the onset of the disease. 
On contrast-enhanced CT scans, a zone of absent contrast 
enhancement at the periphery of the kidneys is said to be 
characteristic. 


Acute Interstitial Nephritis 


Acute interstitial nephritis (AIN) is an acute hypersensitiv- 
ity reaction in the kidney that may result in renal insuffi- 
ciency or frank renal failure. Three forms of AIN have been 
described: (a) in association with a variety of drugs; (b) in as- 
sociation with a number of nonrenal infectious processes 
(e.g., infectious mononucleosis); and (c) in an idiopathic 
form. Drug-induced AIN is the most common of these. 
More than 40 compounds, including penicillin, and partic- 
ularly methicillin, rifampin, sulfonamide derivatives, nons- 
teroidal antiinflammatory agents, cimetidine, furosemide, 
and thiazide diuretics, have been associated with AIN. 

Cell-mediated immune mechanisms appear to be more 
important than humorally mediated mechanisms in the 
pathogenesis of AIN. Histologically, AIN is characterized by 
an interstitial infiltration of inflammatory cells including 
eosinophils and mononuclear cells without a significant 
component of arteritis or glomerulitis. In some forms of 
AIN, eosinophiluria may be found on clinical examination. 
Other common clinical signs and symptoms include macro- 
scopic or microscopic hematuria, nonnephrotic range pro- 
teinuria, fever, eosinophilia, skin rash, and oliguria. 
Typically, there is recovery from the renal failure on with- 
drawal of the drug. 

On urography, bilateral nephromegaly with diminished 
opacification of the collecting system has been reported 
(Fig. 11.7). On ultrasound, increased cortical echogenicity 
and renal enlargement may be found. Increased accumula- 
tion of gallium-67 (°7Ga) citrate in the kidneys also has been 
reported. 


FIGURE 11.7. Acute interstitial nephritis. Bilateral nephro- 
megaly, a diminished nephrogram, and a faintly opacified col- 
lecting system are demonstrated in this patient with drug-in- 
duced acute interstitial nephritis. 


Hematologic Disorders 
Sickle Cell Anemia 


A variety of morphologic abnormalities, including bilateral 
renal enlargement, lobar infarction, papillary necrosis (Fig. 
11.8), and dilation of the collecting system have been de- 
scribed in patients with heterozygous and homozygous 
sickle cell disease. The latter abnormality is thought to oc- 
cur secondary to a decrease in the kidney’s ability to con- 
centrate urine. In addition to these structural defects, a 
number of functional abnormalities including hypos- 
thenuria, hematuria, renal tubular acidosis, and progressive 
renal insufficiency have been described in patients with 
sickle cell anemia. This constellation of functional abnor- 
malities is known as sickle cell nephropathy. 

The older literature suggested that papillary necrosis is 
uncommon among homozygous patients, whereas it is com- 
mon in the heterozygous forms, particularly when 
hemoglobin S is combined with hemoglobin A (SA disease) 
or hemoglobin C (SC disease). The more recent literature, 
however, reports that changes of papillary necrosis are pre- 
sent in approximately 25% to 40% of homozygous patients. 
The appearance of the radiologic abnormalities, however, 
does not necessarily correlate with the presence of renal 
function abnormalities. Papillary necrosis is thought to oc- 
cur as a result of low oxygen tension in the renal papilla that 
promotes sickling of the abnormal red blood cells. This, in 
turn, results in necrosis and ischemia of the papillary tips. 

Lande and colleagues found that MRI in patients with 
sickle cell disease demonstrates decreased signal from the re- 
nal cortex that is especially apparent on T2-weighted im- 
ages. These authors speculated that the findings were sec- 
ondary to iron deposition in the renal cortex. Similar 
findings, however, were not present in a group of patients 


FIGURE 11.8. Marked calyceal deformity compatible with papil- 
lary necrosis is present bilaterally in this patient with known ho- 
mozygous sickle cell anemia. 
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suffering from beta-thalassemia who also were suffering 
from iron overload. 
A malignant renal tumor, renal medullary carcinoma, has 


been described in patients with underlying sickle cell trait 
(see Chapter 6). 


Hemophilia 


A variety of urographic abnormalities including bilateral re- 
nal enlargement, retroperitoneal hemorrhage, and obstruc- 
tive uropathy secondary to clots within the collecting system 
or ureter have been described in patients with hemophilia. 
The most striking feature, bilateral nephromegaly, is of un- 
certain etiology. Papillary necrosis, thought to be related to 
concomitant analgesic ingestion, also has been described. 


Acute Leukemia 


Leukemia is the most common malignant cause of bilateral 
nephromegaly in children (Fig. 11.9). The renal enlarge- 
ment is commonly attributed to infiltration of the kidneys 
by leukemic cells; however, intrarenal hemorrhage and 
edema also contribute to this appearance. The degree of re- 
nal enlargement may be striking, simulating the appearance 
of polycystic disease. In some cases, the renal enlargement 
may be asymmetric, and rarely, it may occur as a focal in- 
trarenal mass (chloroma). The collecting system is generally 
attenuated, and there may be filling defects in the renal 
pelvis or calyces secondary to blood clots or uric acid stones. 


Multiple Myeloma 


Multiple myeloma is one of a group of plasma cell dyscrasias 
that includes Waldenstrém’s macroglobulinemia, heavy- 


FIGURE 11.9. Marked nephromegaly is present in this child with 
proven leukemic infiltration of the kidneys. 


and light-chain disease, and benign monoclonal gammopa- 
thy. The disease results in excess production of im- 
munoglobulins and is characterized by the presence of 
Bence-Jones proteins in the urine. Renal failure occurs in 
30% to 50% of such patients and has been attributed to the 
abnormal precipitation of myeloma proteins within the re- 
nal tubules, dehydration, or superimposed renal infection. 
Hypercalcemia, as a result of the bone destruction that ac- 
companies the myelomatous lesions in bone, may result in 
nephrocalcinosis, Because there is excess uric acid produc- 
tion, uric acid calculi also may be found. Amyloidosis de- 
velops in approximately 10% of the patients. 

Radiologically, the kidneys are enlarged and there may be 
attenuation of the collecting system as the result of intersti- 
tial edema. Poor opacification on urography typically occurs 
because of the diminished renal function. On ultrasonogra- 
phy, the kidneys are enlarged with decreased echogenicity 
that reflects the abnormal fluid accumulation within the 
kidney. 

The administration of intravenous contrast media to pa- 
tients with multiple myeloma was thought to be contraindi- 
cated because of reports that contrast media caused precipi- 
tation of the myeloma proteins within the renal tubules, 
thereby hastening the onset of renal failure. More recent lit- 
erature, however, suggests that the risks associated with con- 
trast administration in patients with myeloma can be mini- 
mized as long as dehydration is avoided. 


Amyloidosis 


Amyloidosis is characterized by the extracellular deposition 
of an insoluble fibrillar proteinaceous material with a beta- 
sheet configuration. Although the disease may be localized 
to one organ, in more than 85% of the cases, a systemic 
multiorgan form of involvement is present. The disease is 
known to occur as an idiopathic systemic process (primary 
amyloidosis); in association with a variety of other chronic 
diseases including rheumatoid arthritis, tuberculosis, lep- 
rosy, chronic osteomyelitis, and some malignancies (sec- 
ondary amyloidosis); in a familial form including that asso- 
ciated with familial Mediterranean fever; in a senile form; or 
in association with endocrine disorders, including 
medullary carcinoma of the thyroid and diabetes. Each of 
these forms is associated with its own characteristic protein 
subunit. The protein found in patients with primary amy- 
loidosis and those with amyloid disease associated with mul- 
tiple myeloma are identical and resemble a portion of an im- 
munoglobulin light chain. This fact suggests that the two 
diseases are different manifestations of a similar underlying 
blood dyscrasia and most authorities now classify amyloido- 
sis as a blood dyscrasia. A new specific form of amyloidosis 
has been recognized that results in a multiarticular arthropa- 
thy in patients on long-term hemodialysis. 

Virtually every organ in the body may be involved; men 
are affected more commonly than women. The usual age of 
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onset is 55 to 60 years. Most patients experience nonspecific 
symptoms including weight loss, weakness, and fatigue. 
Renal involvement occurs in 80% of patients with sec- 
ondary amyloidosis and in 35% to 40% of patients with pri- 
mary disease. Fifty percent of patients with secondary amy- 
loidosis die of renal failure. Although the kidneys are the 
most commonly involved organ in the urinary tract, isolated 
involvement of the renal pelvis, ureter, bladder, urethra, 
prostate, retroperitoneum, and seminal vesicles has been de- 
scribed. Amyloidosis of the renal pelvis, without renal 
parenchymal involvement, may be associated with a charac- 
teristic pattern of submucosal calcification visible on plain 
films. Renal vein thrombosis is a well-described complica- 
tion of renal amyloidosis and may only affect the segmental 
or interlobar veins as a unique feature. The sudden onset of 
nephrotic syndrome in a patient with amyloidosis should 
suggest the development of this complication. 

The radiologic findings in renal amyloidosis are nonspe- 
cific. Although some patients have normal-sized kidneys, 
the most consistently described feature is smooth bilateral 
renal enlargement (Fig. 11.10). As the disease progresses 
and renal failure ensues, the kidneys decrease in size while 
retaining their smooth contour. On urography, the nephro- 
gram is typically diminished, and there may be attenuation 
of the collecting system. On sonography, there is renal en- 
largement in the acute phase with an increase in cortical 
echogenicity, presumably related to the abnormal protein 
deposition. Angiographic features include tortuosity and ir- 
regularity of the interlobar arteries, which may be localized 
to one portion of the kidney. An abnormal accumulation of 
67Ga citrate in the kidneys 48 to 72 hours after injection has 
been described on radionuclide examination. 


Rhabdomyolysis/Myoglobinuria 


Rhabdomyolysis, an acute disruption of the structural in- 
tegrity of skeletal muscle cells, is a frequent complication of 


FIGURE 11.10. Renal amyloidosis. Bilaterally enlarged, poorly 
functioning kidneys are present on urography in this patient with 
proven renal amyloidosis. (Courtesy Marco A. Amendola, MD.) 


trauma. Other causes include thermal or ischemic muscle 
necrosis, drugs (including heroin, amphetamines, and alco- 
hol), and polymyositis. Such injuries result in an increase in 
the serum concentration of creatine phosphokinase (CPK) 
and the excretion of an excessive quantity of myoglobin in 
the urine. Although myoglobin is considered to be nephro- 
toxic, there is a poor correlation between urine myoglobin 
levels and the degree of renal failure. In most instances, the 
renal failure is transient with the eventual return of normal 
renal function. 

Imaging findings have been reported in a few cases. 
Nephromegaly with an increasingly dense or striated 
nephrogram on both CT and urography may be found. 
With more advanced renal failure, severe impairment of 
contrast excretion may be present (Fig. 11.11). 


Loin Pain Hematuria Syndrome 


Loin pain hematuria syndrome is a poorly understood con- 
dition in which hematuria is present in association with 
flank pain that is often severe but for which no anatomic 
or functional abnormality of the kidney can be demon- 
strated. It is more common in women. Theories regarding 
the pathogenesis of the condition range from a thrombotic 
condition to an autoimmune process. Therapy has often 
been directed at pain management, however, narcotic de- 
pendence may develop as the pain becomes debilitating and 
result in nephrectomy despite the absence of an anatomic 
abnormality. Recently, renal autotransplantation has been 
advocated with excellent short-term results, but recurrent 
pain in the transplant site has been reported with long-term 
follow-up. 


Acute Urate Nephropathy 


Increased nucleoprotein catabolism may occur as a compli- 
cation of chemotherapy or radiation therapy in patients 


FIGURE 11.11. Acute renal failure secondary to rhabdomyolysis. 
The nephrogram is virtually absent despite excellent enhance- 
ment of the renal veins, inferior vena cava, and aorta. (Courtesy 
of Akira Kawashima, MD.) 
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with leukemia, lymphoma, and other neoplastic disorders. 
As a consequence, there is a marked increase in plasma uric 
acid concentration, increased renal tubular secretion, and 
possibly decreased resorption of the filtered urate load. In 
such cases, precipitation of urate crystals within the tubules 
resulting in oliguric renal failure may occur. This form of 
ARF is termed urate nephropathy. 

An increasingly dense nephrogram with enlarged kidneys 
and an absent or markedly diminished pyelogram has been 
reported on urography (Fig. 11.12). As contrast medium is 
a known uricosuric agent, precipitation of acute urate 
nephropathy in patients with high plasma uric acid concen- 
trations also may theoretically occur after contrast adminis- 
tration. 

Increased medullary echogenicity on ultrasonography 
has been reported in patients with hyperuricemia and clini- 
cal evidence of gout. 


Diabetic Nephropathy 


Diabetic nephropathy is the most common cause of chronic 
renal failure in the United States. It is believed to occur as a 
result of glomerular hyperperfusion that results in glomeru- 
lar hypertension. This results in an increase in transcapillary 
pressure and protein leakage into the mesangium. This pro- 
cess leads to microalbuminuria and glomerular sclerosis. 

The occurrence of diabetic nephropathy is highly corre- 
lated with insulin dependence and has recently been corre- 
lated with poor glycemic control. Studies have shown that 
among patients with insulin-dependent diabetes for more 
than 25 years, the incidence of diabetic nephropathy has de- 
clined from more than 25% during the 1960s to less than 
10% during the 1980s, as the importance of glucose control 
has been recognized. Fully developed nephrotic syndrome 
generally occurs after 15 to 20 years of insulin dependence, 
with a resultant decrease in glomerular filtration rate herald- 
ing the onset of overt renal failure. 


FIGURE 11.12. Bilateral renal enlargement and an increasingly 
dense nephrogram are present in this patient with acute urate 
nephropathy. 


Early in the course of diabetes, imaging studies fre- 
quently show generalized nephromegaly. Indeed, diabetes is 
the most common cause of this finding. In some cases, the 
nephromegaly may be found before overt glycosuria devel- 
ops. Although the exact etiology of the renal enlargement is 
not known, nephron hypertrophy is a possible explanation. 
Later in the disease process, there is a progressive reduction 
in renal size and an increase in echogenicity of the renal cor- 
tex with preservation of the corticomedullary junction on 
ultrasonography. With overt renal failure, the kidneys be- 
come small, with the echogenicity of the medulla equal to 
that of the cortex. Platt and colleagues have suggested that 
the resistive index (RI) is generally elevated (0.70) in pa- 
tients with established diabetic nephropathy, but is normal 
in diabetics without nephropathy or those with proteinuria 
but without azotemia. 


Human Immunodeficiency Virus 
Nephropathy 


Azotemia, with moderate to severe proteinuria, occurs in 
approximately 10% to 30% of patients with human im- 
munodeficiency virus (HIV) infection. A variety of 
glomerular lesions, including focal and segmental 
glomerulosclerosis with mesangial deposits of complement 
C3, immunoglobulin M (IgM), or IgG, as well as tubular 
atrophy, have been found on histologic examination. 
Other forms of glomerulopathy also have been described. 
The combination of renal insufficiency, nephrotic syn- 
drome, and glomerular changes has been called HIV 
nephropathy. The disease may result in profound hypoal- 
buminemia, although hypertension and peripheral edema 
are characteristically absent. Because renal insufficiency 
may be the first manifestation of HIV infection, the disor- 
der is properly termed HIV-associated nephropathy rather 
than acquired immunodeficiency syndrome (AIDS)-asso- 
ciated nephropathy. There is a striking predominance of 
male African-American patients. Despite hemodialysis, 
death usually occurs within 6 months. 

On ultrasound examination, approximately 50% of the 
patients with abnormal renal function will demonstrate nor- 
mal sonographic findings, while the remainder show in- 
creased cortical echogenicity (Fig. 11.13) with normal-sized 
or enlarged kidneys. Hamper and coworkers found there 
was a correlation between the degree of increased cortical 
echogenicity and the severity of both the tubular and 
glomerular changes on histologic examination. A decrease in 
renal sinus fat has also been described. 

On CT, global renal enlargement with or without hy- 
dronephrosis and cortical scarring has been described (Fig. 
11.14). On MRI, nephromegaly with loss of corti- 
comedullary distinction on T1-weighted images has been 
found as a nonspecific finding. 
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FIGURE 11.13. Human immunodeficiency virus nephropathy. 
Longitudinal ultrasound shows a diffusely echogenic normal- 
sized right kidney. 


Alport’s Syndrome 


The association of chronic hereditary renal disease, deafness, 
and ocular abnormalities is known as Alport’s syndrome. 
Although both sexes are affected equally, male patients have 
a much worse prognosis and usually die of renal failure at an 
earlier age than do female patients. Clinically, symptoms be- 
gin in early childhood and include episodic hematuria, pro- 
gressive renal failure, and a progressive high-frequency nerve 
deafness. Ocular abnormalities include congenital cataracts, 
nystagmus, and myopia. Although there is typically a strong 
familial history of renal failure, the precise mode of trans- 
mission has not been established. On pathologic examina- 
tion, the kidneys are small but smooth and exhibit a variety 
of histologic abnormalities including interstitial fibrosis 
with patchy glomerular involvement. A distinctive histo- 
logic feature is the presence of foam cells throughout the re- 


FIGURE 11.14. Human immunodeficiency virus (HIV) nephropa- 
thy. Computed tomography (CT) scan demonstrates bilateral 
nephromegaly and a striated persistent nephrogram in this pa- 
tient with HIV nephropathy. The contrast medium had been ad- 
ministered 24 hours earlier for a CT scan of the head. 


FIGURE 11.15. Alport’s syndrome. An unenhanced computed 
tomography examination demonstrates small kidneys with atro- 
phied and calcified renal cortices. 


nal cortex, but most prominently near the corticomedullary 
junction. 

Small, smooth kidneys with impaired excretion of con- 
trast medium are found on radiologic examination (Fig. 
11.15). Pruning of the interlobar arteries with an indistinct 
corticomedullary junction has been reported on angiogra- 


phy. 


Balkan Nephropathy 


Balkan endemic nephropathy is a clinical entity resulting in 
chronic renal failure as a result of interstitial nephritis with 
a long latency period, which occurs in the localized area of 
Bulgaria, Romania, and the former Republic of Yugoslavia. 
Although the precise etiology is unknown, a familial or en- 
vironmental etiology, or a combination of these two factors 
have been suggested. In addition to chronic renal failure, 
there is a striking increased incidence of renal cell carcinoma 
and urothelial neoplasms including carcinomas of the renal 
pelvis or urinary bladder. On ultrasound, small kidneys may 
be found bilaterally. 


Miscellaneous Conditions 


Nephromegaly has been reported in a variety of other med- 
ical conditions including hepatic cirrhosis, diabetes melli- 
tus, infectious mononucleosis, hyperalimentation, paroxys- 
mal nocturnal hemoglobinuria, acute glomerulonephritis, 
heroin abuse, and Fabry’s disease. 
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Long-term Complications 


Renal transplantation is the most desirable treatment for pa- 
tients with end stage renal disease, as it usually permits 
homeostasis and a quality of life superior to that achievable 
by dialysis. Currently, 90% to 95% of transplant recipients 
survive the first year after surgery, and at least 80% of those 
transplanted kidneys are functioning. Short-term and long- 
term survival rates of functioning transplanted kidneys cor- 
relate positively with meticulous immunosuppression, rigid 
human leukocyte antigen (HLA) matching, experience of 
the transplant team, and ideal recipient age (5 and 50 years). 
But even in carefully selected and managed patients, it is un- 
usual for functioning kidneys to survive 10 years. Patients 
may receive subsequent grafts after a first one has failed; du- 
ration of function in the first graft is a useful predictor of 
longevity in the next. 

A variety of radiologic procedures are used in the selec- 
tion of donors and recipients, and in the management and 
detection of posttransplant complications. 


PRETRANSPLANT EVALUATION 


Living Donor Evaluation 


Most donors are related to recipients. After appropriate HLA 
matching is performed, the donor undergoes radiologic eval- 
uation to be sure that the kidney considered for donation 
does not have a morphologic or vascular abnormality that 
would contraindicate surgery. The remaining kidney must 
be normal, so that the donor is not at risk for subsequent re- 
nal insufficiency. Current pretransplant imaging protocols 


are evolving rapidly from the earlier standards of urography 
and contrast angiography. Both computed tomography 
(CT) angiography (Fig. 12.1) and magnetic resonance (MR) 
angiography (Fig. 12.2) have proven to be quite accurate in 
distinguishing whether each kidney has one or two main re- 
nal arteries, and at least moderately accurate in detecting 
small polar arterial branches; either is sufficiently accurate to 
depict renal venous anatomy (Fig. 12.3). Accessory renal ar- 
teries often are seen on axial images and anatomic relation- 
ships demonstrated on reformatted images (Fig. 12.4). The 
success of CT and MR in accurately defining renal vascular 
anatomy has eliminated the need for catheter arteriography 
in many centers. CT urography can be performed by appro- 
priate reformatting of helical images obtained after the col- 
lecting systems and ureters have been opacified by contrast 
(Fig. 12.5), and MR urography may be performed by ac- 
quiring heavily T2-weighted images with fat saturation. 
Either technique is sufficiently accurate to predict whether 
the collecting system and ureter are single or duplicated. 
The ideal transplanted kidney has only one artery. A kid- 
ney with two large arteries often can be transplanted suc- 
cessfully, but the procedure is technically difficult. Tiny ac- 
cessory arteries that supply only small portions of the kidney 
may be sacrificed. Because the left renal vein is longer than 
the right, the left kidney is preferred for transplantation. 


Recipient Evaluation 


Radiologic evaluation of the urinary tract in the recipient 
does not follow a routine path. Virtually all recipients have 
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FIGURE 12.1. Computed tomography (CT) angiography. Single 
renal arteries are seen on this volume-rendering image. 


FIGURE 12.4. Accessory renal artery. Computed tomography 
(CT) angiography demonstrates two right renal arteries. 


their kidney imaged in the course of treatment for renal 
failure; the combination of ultrasound, CT, and radionu- 
clide studies the patients undergo depends on the specific 
renal disease. Sometimes, specific imaging of the recipi- 
ent’s native kidneys will be necessary during the pretrans- 
plant workup. Evaluation for acquired renal cystic disease 
and the neoplasms that such kidneys sometimes develop is 


FIGURE 12.2. Magnetic resonance (MR) angiography. Single re- 
nal arteries are seen on this T1-weighted three-dimensional 


spoiled gradient echo image. 


FIGURE 12.3. Computed tomography (CT) angiogram reveals a FIGURE 12.5. Computed tomography (CT) urography. A CT uro- 
single artery and vein supplying each kidney. gram demonstrates single ureters bilaterally. 
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FIGURE 12.6. A postvoid film from a voiding cystourethrogram 
patient with an unused bladder demonstrates benign extraperi- 
toneal extravasation. 


best performed by CT. CT may be used to evaluate kid- 
neys in patients with autosomal-dominant polycystic kid- 
ney disease if extreme enlargement or persistent bleeding 
makes them candidates for resection. Patients with histo- 
ries of recurrent urinary tract infections require surgery to 
treat any vesicoureteral reflux and should have voiding cys- 
tourethrography. If symptoms, signs, and cystocopic or 
cystometric evaluation of the bladder suggest problems in 
the posttransplant period, cystography may be performed. 
Voiding cystourethrography may be indicated in patients 
who have been anuric so long that their ability to void nor- 
mally in the posttransplant period is questioned. Bladders 
in such patients may have only a small capacity and, when 
studied by cystography, may demonstrate benign extrava- 
sation (Fig. 12.6). This finding does not indicate gross per- 
foration of the bladder, and is not a contraindication to 
transplantation. 


TECHNIQUE OF TRANSPLANTATION 


The transplanted kidney usually is placed in the left or 
right iliac fossa extraperitoneally. Most frequently the 
artery and vein of the transplanted kidney are anastomosed 
to the corresponding external iliac artery and vein of the 
recipient using an end-to-side anastomosis; occasionally, 
an end-to-end anastomosis between the renal artery and 
the internal iliac artery is performed. In cases of cadaveric 
donors who have multiple renal arteries, a patch of the 
aorta containing the renal arterial orifices may be harvested 
and anastomosed to the common iliac artery. The donor 
ureter usually is anastomosed to the bladder by a nonre- 
fluxing ureterocystostomy. 


COMPLICATIONS OF RENAL 
TRANSPLANTATION 


Complications of renal transplantation may be divided into 
those that affect the renal parenchyma and its small vessels, 
those that involve primarily the large vessels and their 
surgery, those that involve the transplanted ureter and its 
anastomosis, or those that appear as fluid collections in the 
surgical bed of the recipient. Long-term complications of re- 
nal transplantation consist primarily of neoplasms for which 
recipients are at increased risk, 


Renal Complications 


Table 12.1 reveals the times during or after transplanta- 
tion that these complications are most likely to appear. 
These times, and some of the clinical and radiologic data 
that can be acquired, frequently permit a confident diagno- 
sis of the specific complication. However, it often is difficult 
to establish a specific diagnosis without biopsy of the renal 
cortex for histologic examination. 


Acute Tubular Necrosis 


Acute tubular necrosis (ATN) usually occurs in the imme- 
diate posttransplant period and is related to ischemia of the 
transplanted kidney before vascular anastomosis. Such is- 
chemia may occur in cadaveric donors during the agonal pe- 
riod of the donor and in any donor during the delay be- 
tween the harvesting of the kidney and completion of 
vascular anastomosis in the recipient. The duration of the is- 
chemia is related directly to the likelihood of ATN. Most 
episodes of ATN resolve spontaneously and appear to have 
little adverse effect on ultimate graft survival. 

Acute tubular necrosis may be manifested as anuria, ris- 
ing creatinine, and mild enlargement and tenderness of the 
graft. Graft tenderness and fever are less likely to be promi- 
nent signs of ATN than in cases of acute rejection, but the 
clinical picture seldom allows confident differentiation of 
the two conditions. Acute tubular necrosis usually resolves 
within a few days to a few weeks of initial onset; however, 
some cases have persisted for several weeks before recovery. 


TABLE 12.1. TEMPORAL SEQUENCE OF CAUSES OF 
PARENCHYMAL COMPLICATIONS OF RENAL 
TRANSPLANTS 


Acute tubular necrosis 
Hyperacute rejection 


During or immediately after surgery 

During surgery to a few hours 
afterward 

Accelerated acute First week after surgery 
rejection 

Acute rejection 

Chronic rejection 

Cyclosporine toxicity 


1-4 wks after surgery 
Months to years after surgery 
1-3 mo after surgery 


i 


Cyclosporine Nephrotoxicity 


Cyclosporine, together with prednisone, is the mainstay of 
immunosuppressive therapy. Cyclosporine offers improve- 
ment in protection against rejection and is less likely than 
older drugs to permit opportunistic infection. 

Cyclosporine is both nephrotoxic and hepatotoxic. The 
nephrotoxicity may be acute, subacute, or chronic. Both 
acute and subacute nephrotoxicity may be treated by lower- 
ing the dose of cyclosporine; chronic nephrotoxicity seldom 
is reversible. Acute toxicity appears to potentiate initial graft 
dysfunction related to ischemia and also may prolong it. 
Because measurement of blood cyclosporine levels does not 
always permit distinction of cyclosporine nephrotoxicity 
from other causes of transplant dysfunction, imaging data 
may be critical in the differential diagnosis of a failing trans- 
plant. 


Rejection 


Graft rejection continues to represent a significant source of 
morbidity in the transplant patient. Rejection currently is 
classified into four categories: a) hyperacute rejection, b) ac- 
celerated acute rejection, c) acute rejection, and d) chronic 
rejection. Virtually every patient experiences some form of 
rejection in the posttransplant period. Differentiation of 
graft rejection from other causes of intrinsic renal dysfunc- 
tion is crucial, because rejection may require increasing the 
dose of immunosuppressive therapy, whereas cyclosporine 
nephrotoxicity should be treated in the opposite way. 

Hyperacute rejection is mediated by hormonal antibod- 
ies and often is manifested during surgery; the antigen anti- 
body reaction causes complement activation, which in turn 
damages the vascular endothelium, particularly in small ves- 
sels. These vessels become filled with fibrin thrombi, 
thereby making extensive cortical necrosis inevitable. A graft 
exhibiting hyperacute rejection usually is unsalvageable, and 
transplant nephrectomy is performed immediately. 

Some authors believe that accelerated acute rejection is 
an antibody-mediated form of rejection identical to hypera- 
cute rejection, but with an onset delayed until 2 or 3 days af- 
ter surgery. Others believe it is an anamnestic manifestation 
of cell-mediated immunity. Diagnosis of an accelerated 
acute rejection usually occurs when a rejection episode oc- 
curs in the first week of transplantation. It is frequently, but 
not always, successfully treated with immunosuppression. 

Acute rejection constitutes functional and pathologic 
changes characterized by a relatively rapid increase in serum 
creatinine (a rise of 25% or more above the baseline level oc- 
curring within 24 to 48 hours), graft swelling and tender- 
ness, and fever. There is usually oliguria. Acute rejection is 
thought to occur because of a proliferation of C-lympho- 
cytes and to represent a cell-mediated form of immunity. 
Histologically, acute rejection is characterized by a prolifer- 
ation of mononuclear cells, eosinophils, and plasma cells 
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that infiltrate the intersititium of the kidney. A vascular 
component also may be present. Biopsy specimens in acute 
rejection sometimes are classified as showing primarily in- 
terstitial rejection or both interstitial and vascular abnor- 
malities. A vascular component connotes a poorer progno- 
sis. Acute rejection may occur at any time after 
transplantation, but most often is encountered during the 
first through tenth weeks after surgery. 

Chronic rejection may appear months to years after 
surgery, and usually has a more insidious onset than acute 
rejection. Graft swelling and tenderness and fever are less 
prominent features of chronic than acute rejection. 
Pathologic examination may reveal endothelial swelling, 
smooth muscle proliferation in small vessels, and glomeru- 
lar changes, along with segmental fibrosis and diffuse infil- 
tration with inflammatory cells. In general, the changes of 
chronic rejection are irreversible and lead to progressive 
azotemia and hypertension. 


Imaging 


Imaging of patients with functional abnormalities of trans- 
planted kidneys is a critical step in the differential diagnosis 
of the cause of the transplant dysfunction, but imaging find- 
ings, considered alone, do not always allow an accurate and 
specific diagnosis. Sometimes the abnormality is clear, but 
frequently the clinical or laboratory data must be considered 
along with the radiologic findings to reach a firm diagnosis. 
Although scintigraphic and Doppler ultrasound findings 
have been the subjects of considerable investigation, find- 
ings that permit accurate distinction among rejection, cy- 
closporine nephrotoxicity, and ATN in the absence of clin- 
ical information have been elusive, and biopsy frequently is 
necessary. 

Hyperacute rejection infrequently leads to an imaging 
evaluation, because it usually occurs in the operating room. 
Because renal cortical perfusion is markedly diminished or 
completely absent, Doppler ultrasound will reveal little or 
no cortical blood flow, radionuclide examinations will show 
almost complete absence of perfusion or tubular accumula- 
tion (Fig. 12.7), and angiography will reveal total or near- 
total lack of filling of small vessels. 

Accelerated acute rejection demonstrates imaging find- 
ings consistent with acute rejection, but occurs within the 
first week after transplantation. Rare cases of cortical 
nephrocalcinosis (Fig. 12.8) have been described in patients 
whose transplants underwent severe immediate rejection 
but were left in situ for several years. 

Acute rejection most frequently is investigated by ultra- 
sound (gray-scale, Doppler, and color flow) and radionu- 
clide studies. Gray-scale images (Fig. 12.9) of patients with 
acute transplant rejection may show an increase in the vol- 
ume of the kidney, swelling, and decreased echogenicity of 
the renal pyramids and of the cortex. The high echogenicity 
of the sinus of a normal kidney may be diminished. These 
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FIGURE 12.7. Hyperacute rejection. Scintigram obtained 1 day 
after transplantation shows nearly complete absence of activity 
in transplanted kidney. (Courtesy of Rashid Fawwaz, M.D.) 


findings are thought to reflect edema of the parenchyma and 
of the renal sinus fat. Edema of the collecting system walls 
may make them appear thickened. Despite attempts to mea- 
sure relative volumes of the cortex and medullary pyramids, 
assessments of echogenicity remain subjective; if the abnor- 
malities are striking, the findings are relatively specific. The 
sensitivity of these findings to diagnose rejection, however, 
and the ability to distinguish rejection from cyclosporine 


FIGURE 12.8. Cortical nephrocalcinosis. Diffuse cortical calcifica- 
tion is seen on an abdominal radiograph. 


FIGURE 12.9. Acute rejection. Ultrasound reveals a swollen kid- 
ney; the cortex is hypoechoic and the walls of the collecting sys- 
tem are thickened. (Courtesy of Judith Fayter, M.D.) 


nephroxicity and ATN when the findings are not clearly 
present, is poor. 

Although there is diminution of total renal blood flow in 
rejection, cyclosporine nephrotoxicity, and ATN, and al- 
though there are variations in severity of oligemia among 
cases of each condition, attempts have been made to use 
Doppler flow studies to distinguish acute rejection from 
ATN and cyclosporine nephrotoxicity. In patients with 
acute rejection — especially those in whom vascular changes 
predominate in biopsy specimens, as opposed to those in 
whom the histologic changes are primarily interstitial — the 
resistive index (RI) often is elevated (Fig. 12.10). The RI 
(the peak systolic velocity minus the lowest diastolic veloc- 
ity divided by the peak systolic velocity) is relatively specific 
for acute rejection when its value is 0.90 or higher, although 
occasionally elevated RIs may be caused by arterial stenosis, 
renal vein thrombosis, acute severe ureteral obstruction, se- 
vere ATN, acute cyclosporine nephrotoxicity, pyelonephri- 
tis, and compression of the kidney by a perirenal fluid col- 
lection. With lower RIs, primarily interstitial acute 
rejection, cyclosporine nephrotoxicity, and ATN are possi- 
ble etiologies. Because rejection and ATN may not affect the 
entire kidney uniformly, and because resistive indices may 
vary from observer to observer, the accuracy of this method 
of differential diagnosis is far from ideal. Serial studies, per- 
formed by the same examiner, may improve accuracy by re- 
ducing interobserver variability and by documenting pro- 
gression of changes in Doppler spectral patterns (and of 
renal size and echogenicity changes). In some centers, the 
pulsatility index (PI) (peak systolic frequency shift minus di- 
astolic frequency shift divided by the mean frequency shift) 
is used as an alternative to measurement of the RI. A PI of 
1.5 or greater is generally considered indicative of rejection. 


hm 


Power Doppler findings have not improved upon the dif- 
ferentiation between acute rejection and other causes of 
graft failure. 

Radionuclide examinations also may assist in distin- 
guishing among the several causes of renal parenchymal dys- 
function in transplant patients. In acute rejection associated 
primarily with vascular changes (Fig. 12.11), the rapid in- 
crease in activity seen normally is attenuated; the maximum 
intensity of activity seen in early images is diminished, and 
the delay between the time of peak activity in the aorta and 
peak activity in the kidney is prolonged. These findings also 
may occur in rejection that is primarily of the cellular type, 
and in ATN and cyclosporine nephrotoxicity, but are less 
severe in those conditions. The findings may precede clini- 
cal evidence of rejection. All parenchymal causes of graft 
dysfunction exhibit deteriorating tubular function mani- 
fested by diminished activity in later parts of the examina- 
tion. Once established, ATN and acute rejection may pro- 
duce scintigraphic findings that are difficult to distinguish. 
But if the first scans after the operation are abnormal, ATN 
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FIGURE 12.10. Duplex Doppler ultrasonograms. A: Normal du- 
plex study with a pulsatility index of 1.17. B: Mild rejection; re- 
sistive index (RI) = 0.78, pulsatility index (PI) = 1.7. C: Severe re- 
jection with virtually complete absence of diastolic flow (arrow). 


is likely to be present, whereas if the scans were initially nor- 
mal but subsequently became abnormal, acute rejection is 
more likely to be the diagnosis. Acute tubular necrosis fol- 
lowed by acute rejection is difficult to distinguish from 
ATN without recovery, although the usual course of ATN 
is a spontaneous return toward normal within 1 or 2 weeks 
of onset. Severe diminution of activity in the kidney, or 
complete failure of the kidney to accumulate isotope, is a 
poor prognostic sign. 

Indium-111-labeled platelets also have been used to de- 
tect acute transplant rejection. The method is relatively sen- 
sitive, but does not reliably differentiate rejection from cy- 
closporine nephroxicity, and is expensive. Technetium-99m 
sulfur colloid and gallium-67 also have been used. 

Magnetic resonance imaging (MRI) was initially believed 
to be promising in differentiating acute rejection from other 
causes of transplant dysfunction, because the differentiation 
between cortex and medulla normally visible on T1-depen- 
dent images tended to disappear. Subsequently, however, 
loss of corticomedullary distinction has been found in many 
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FIGURE 12.11. Acute vascular rejection. The upper row of scinti- 
grams are dynamic images and reveal diminished renal perfusion 
as the isotope traverses the iliac arteries. The lower images were 
obtained 1, 10, and 20 minutes after isotope administration, and 
reveal persistence of activity in the renal parenchyma. (Courtesy 
of Rashid Fawwaz, M.D.) 


causes of renal parenchymal dysfunction, and MRI cur- 
rently does not play a large role in imaging the parenchyma 
of renal transplants. Gadolinium-enhanced dynamic imag- 
ing of the renal parenchyma has proved able to assess perfu- 
sion abnormalities, however. 

Angiography commonly is not performed to diagnose re- 
jection, but may be indicated for other reasons in transplant 
patients. With acute rejection, there often is a prolonged ar- 
terial phase with poor washout. The nephrogram is dimin- 
ished, demonstrates patchy opacification, and reveals poor 
definition of the corticomedullary junction. Arteriovenous 
shunting may be present. Angiographic findings of acute re- 
jection may be focal. 

Chronic rejection produces imaging findings thar vary in 
severity and tend to differ from those of acute processes, but 
the findings may not permit differentiation of rejection 
from other chronic conditions affecting a transplanted kid- 
ney, such as chronic cyclosporine nephroxicity, or the su- 
perimposition of diseases such as hypertension or diabetic 
nephropathy, which may affect transplanted as well as active 
kidneys. 

The kidneys are often small. Ultrasound may show in- 
creased echogenicity of the cortex; in the rare cases in which 
mild cortical nephrocalcinosis occurs, cortical echoes may 
be very strong. The RI value may be normal. A radionuclide 
scan tends to show relatively rapid uptake and washout; the 
pattern of poor initial uptake but gradually increasing activ- 
ity seen with some acute processes is not a feature of chronic 
rejection (although a bout of acute rejection may be super- 
imposed on a kidney that has been chronically rejecting). 
Although angiography is not indicated in the diagnosis of 
chronic rejection, it may be performed on chronically re- 
jecting kidneys when renal artery stenosis is a possibility. 
The rejection may be manifested as a thinned cortex with a 


diminished and transient persistent nephrogram; the small 
vessels are sparse, diminutive, and pruned. MR may reveal 
absence of corticomedullary distinction on T1-weighted 
spin-echo images, which is a feature seen in a large number 
of chronic renal parenchymal diseases. Phosphorus-31 MR 
spectroscopy has shown phosphate metabolite changes in re- 
jecting kidneys. 

Acute tubular necrosis almost always is caused by the is- 
chemia suffered by a kidney from a cadaver donor or is- 
chemia that occurs during a complication of harvesting a 
kidney from a living donor, and therefore appears within 1 
or 2 days after transplantation. Its severity and duration are 
quite variable, it is usually self-limiting, and is usually ac- 
companied by less swelling and tenderness than acute rejec- 
tion. 

` Although experimental evidence shows that renal blood 
flow is lower than normal in cases of ATN, the early phase 
in a technetium-99m diethylenetriaminepentaacetic acid 
(99mTc-DTPA) renogram (the “perfusion” phase) is rela- 
tively well maintained (Fig. 12.12), even though the later 
phases and the Hippuran or technetium-99m-mercap- 
toacetyltriglycine (99mTc-MAG3) curves fail to show rapid 
parenchymal washout and even show persistent accumula- 
tion of the isotope. Sonography, including Doppler, fre- 
quently is normal, although occasionally the resistive index 
may be increased. 


Cyclosporine Toxicity. Radionuclide examinations 
(Fig. 12.13) have been shown to result in a dissociation be- 
tween the perfusion phase of a99mTc-DTPA study (which 
tends to remain relatively intact) and the clearance phase of 
a Hippuran or 99mTC-MAG3 study, which often reveals a 
prolonged rate of clearance. This particularly is the case in 
patients with subacute nephroxtoxicity. The findings in cy- 
closporine toxicity are similar to the radionuclide findings 


FIGURE 12.12. Acute tubular necrosis. The top row of dynamic 
images show rapid early uptake (the “perfusion” phase). The 
lower row of images, obtained 1, 10, and 20 minutes after ad- 
ministration of isotope, reveal persistence of activity and little 
excretion into the bladder. (Courtesy of Rashid Fawwaz, M.D.) 


C PERFUSION CURVES 


produced by ATN or obstruction. The diagnosis of cy- 
closporine nephrotoxicity, therefore, can be suggested only 
when serial studies have demonstrated a resolution of the 
immediate posttransplant ATN; the reappearance of an as- 
cending slope of the Hippuran curve without a new is- 
chemic episode suggests cyclosporine nephrotoxicity. The 
diagnosis also is based on measurements of cyclosporine in 
the blood and by monitoring the effect of dose adjustments. 


Graft Infection. Thirty percent to 60% of patients receiv- 
ing renal allografts are treated for urinary tract infection 
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FIGURE 12.13. Cyclosporine nephrotoxi- 
city. Immediate posttransplant techne- 
tium 99m-diethylenetriaminepentaacetic 
acid (99mTc-DTPA) perfusion (A) and 
131I-Hippuran renogram (B) curves in a 
patient who received a living related kid- 
ney show good perfusion and excretion. 
Three days later, the perfusion curve (C) 
remains relatively intact; however, the 
Hippuran curve (D) now demonstrates an 
ascending slope. An antegrade pyelogram 
(E) shows no evidence of obstruction, 
thereby confirming that the cause of the 
transplant dysfunction is cyclosporine 
nephrotoxicity. 


within the first 4 months after surgery, and approximately 
25% of these patients develop frank sepsis. The incidence 
and severity of the infection depend on the dose of im- 
munosuppressive therapy, the presence and degree of con- 
trol of diabetes mellitus and the coexistence of graft dys- 
function. The organisms responsible are the gram-negative 
urinary pathogens commonly found in other patients with 
urinary infection; graft recipients also may be infected with 
cytomegalovirus or herpes simplex virus. 

Several cases of emphysematous pyelonephritis have been 
reported in transplant patients; the diagnosis may be estab- 
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lished by demonstrating gas within the renal parenchymal 
by CT or ultrasound. 

There is a relationship between reflux into the trans- 
planted ureter and infection. If a graft recipient suffers mul- 
tiple infections and if ureteroneocystostomy would be con- 
sidered if severe reflux were present, voiding cystography 


should be performed (Fig. 12.14). 


Renal Transplant Rupture. This is a dramatic complica- 
tion that usually occurs within the first 2 weeks of the trans- 
plant surgery; it occurs in 3% to 5% of renal allografts. The 
etiology of rupture is not known with certainty but it has 
been speculated that acute rejection, ATN, and vascular oc- 
clusion might be predisposing causes. Trauma caused by 
biopsies also may be contributory. 

The imaging findings are some combination of renal 
parenchymal laceration, intrarenal hematoma, and perirenal 
hematoma. Ultrasound may reveal a hypoechoic fluid collec- 
tion representing a hematoma within the laceration and/or 
perinephric space, CT may reveal dense clot within the lac- 
eration or perinephric space, and radionuclide scans may re- 
veal a focal photopenic region at the site of the laceration. 


Vascular Complications 
Thrombosis 


Thrombosis of the renal artery may occur in the immediate 
postoperative period; it may be caused by complete or partial 
occlusion at the anastomotic site or may form as a result of an 
intimal flap. Renal arterial thrombosis is more common in 
kidneys that have more than one renal artery and in associa- 
tion with hyperacute rejection. If diminution in renal blood 
flow is severe or complete, Doppler ultrasound will reveal no 


FIGURE 12.14. A voiding cystourethrogram shows reflux into 
the transplanted kidney. 


evidence of flow within the kidney, radionuclide scintigrams 
will show no perfusion, and CT with contrast will reveal an 
absent nephrogram. Arteriography will reveal little or no flow 
to the kidney, and usually demonstrates the thrombus itself. 
An infarcted kidney, or infarcted portion of kidney, will ap- 
pear swollen and relatively hypoechoic on gray-scale ultra- 
sound; a hemorrhagic infarct may appear more echogenic. 

Renal vein thrombosis in transplanted kidneys is quite 
rare. The imaging findings are the same as those associated 
with renal vein thrombosis in native kidneys, including 
echogenic material and absence of flow in the renal vein and 
markedly elevated RIs. 


Renal Artery Stenosis 


Renal artery stenosis is reported to occur in 0.6% to 23% of 
renal transplant recipients. The real incidence may be higher 
because asymptomatic patients are not evaluated. Renal 
artery stenosis may cause diminution in renal function, hy- 
pertension, and a bruit. 

Stenoses in the host artery proximal to the anastomosis 
may be related to general arterial sclerosis, especially in pa- 
tients with diabetes, or may be related to trauma suffered at 
the time of surgery. Anastomotic stenoses may be related to 
the surgical technique, to the suture material, or to perfu- 
sion injury of the vessels themselves. Postanastomotic steno- 
sis may be related to rejection, abnormal local hemodynam- 
ics, or extrinsic compression. 

Posttransplant renal artery stenosis requires arterial imag- 
ing for accurate evaluation (Fig. 12.15). Either hypertension 
or declining graft function may prompt a search for arterial 


FIGURE 12.15. Renal artery stenosis. A magnetic resonance (MR) 
arteriogram shows a stenosis at the site of anastomosis of the re- 
nal artery and the internal iliac artery. 


stenosis. Doppler ultrasound of the main renal artery (Fig. 
12.16) and of intrarenal vessels has been moderately suc- 
cessful, as has intravenous digital subtraction angiography. 
MR angiography has been evaluated in several recent re- 
ports, and been found to be accurate in diagnosing or ex- 
cluding renal artery stenosis. 

Percutaneous transluminal angioplasty has become the 
preferred method by which such stenoses are treated; a large 
majority of patients have successful outcomes, at least in the 
short term. The success rates are higher with end-to-side 
anastomoses than with end-to-end anastomoses. The tech- 
nique and potential complications are similar to those en- 
countered during percutaneous transluminal angioplasty in 
native renal arteries. 


Renal Arteriovenous Fistula 


Because transplanted kidneys frequently undergo biopsy, 
small postbiopsy arteriovenous fistulae are common. They 
usually close quickly and spontaneously, but persist in 1% 
or 2% of patients, and may cause transplant dysfunction or 
significant arteriovenous shunting. The incidence of these 
persistent symptomatic fistulae appears to be higher in pa- 
tients treated with cyclosporine than with those treated with 
azathioprine. Doppler ultrasound (Fig. 12.17)may reveal 
low-impedance, high-velocity flow through the afferent 
artery; the draining vein may reveal pulsatile, high-velocity 
flow. Pseudoaneurysms (Fig. 12.18) are unusual; ultrasound 
studies reveal them as cystic or complex lesions with 
Doppler evidence of disorganized flow or alternative pat- 
terns of flow toward and away from the transducer. 
Angiographic findings are the same as those encountered 
in small arteriovenous fistulae or pseudoaneurysms in native 
kidneys. If they require therapy, they may be amenable to 
transarterial embolization with coils (Fig. 12.19), Gelfoam 
(Upjohn, Kalamazoo, MI) or detachable balloons. 
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FIGURE 12.16. Renal artery stenosis in a transplant. Doppler ul- 
trasound reveals marked spectral broadening produced by tur- 
bulence caused by the arterial narrowing (Courtesy of Judith 
Fayter, M.D.). 
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FIGURE 12.17. Arteriovenous fistula. Doppler ultrasound re- 
veals continuous flow with marked spectral broadening at the 
site of the fistula. (Courtesy of Judith Fayter, M.D.) 


Urologic Complications 
Urinary Leak 


Urinary leak (Fig. 12.20) most often occurs in the first 3 
months after transplantation and usually is discovered 
within the first few postoperative weeks. Urine may leak 
from the ureterovesical anastomosis, from a vesicostomy 
site, or even from injury to the transplanted renal pelvis. If 
the leak is small and transient, the urine usually is resorbed; 
if it persists, a urinoma frequently forms. Rarely, a uretero- 
cutaneous fistula may develop. 


FIGURE 12.18. A pseudoaneurysm (arrow) in the external iliac 
artery adjacent to the transplant anastomosis is present. 
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FIGURE 12.19. A: Subselective renal angiogram shows a large arteriovenous fistula (arrow). B: 
After embolization with Gianturco coils (arrows), a repeat arteriogram shows closure of the fis- 


tula. 


Ureteral Necrosis 


Necrosis and sloughing of the distal ureter (Fig. 12.21) is a 
common urologic complication, and often causes a urinary 
leak. It may occur in up to 4% of patients, usually before the 
sixth postoperative month. It is thought to be caused by is- 
chemia of the distal ureter from interruption of the ureteral 
arterial blood supply or from a tight submucosal tunnel in 
the bladder; it also may appear because of rejection. 


Ureteral Obstruction 


Transient obstruction at the site of the ureteral implantation 
is common in the immediate postoperative period; it is usu- 
ally caused by edema and subsides quickly. Ureteral ob- 
struction that appears months to years after transplantation 
is more likely to be caused by ureteral ischemic strictures. 
Rarely, acute obstruction is caused by blood clots, calculi 
(Fig. 12.22), fungus balls, or sloughed papillae. Stones are 


FIGURE 12.20. A: An oblique view from a nephrostogram demonstrates extravasation from the 
tear of the renal pelvis (arrow). B: After removal of the ureteral stent and several weeks of 
nephrostomy drainage, the leak has healed completely. 
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FIGURE 12.21. Ureteral necrosis. A: An ultrasound examination demonstrates fluid around the 
transplant kidney (arrow). B: Antegrade pyelogram shows extravasation from distal ureter as a re- 
sult of ureteral necrosis. C: After percutaneous nephrostomy and stent placement, a nephros- 


togram shows complete healing. 


reported to occur in approximately 1% of patients with re- 
nal allografts; most stone formers are thought to have un- 
derlying predisposing conditions. Occasionally, undetected 
calculi in donor kidneys may cause complications in recipi- 
ents. Acute ureteral obstruction from a stone may produce 
pain and graft swelling that simulates acute rejection. The 
patients may suddenly become oliguric or anuric. A suture 


at the site of ureteral implantation or vesicostomy may act as 
a nidus for the formation of a bladder stone. Any fluid col- 
lection may compress the ureter and cause obstruction. 


Torsion 
Torsion ofa renal transplant is a very rare complication. The 
kidney rotates around its vascular pedicle, causing vascular 


FIGURE 12.22. A: An ultrasound scan performed to evaluate the sudden onset of oliguria and 
pain in a transplant patient demonstrates hydronephrosis. B: A percutaneous nephrostomy was 
placed under ultrasound guidance. A follow-up radiograph shows that a stone (arrow) lodged in 
the uteropelvic junction is the cause of the transplant dysfunction. Percutaneous nephrostolitho- 


tomy was subsequently performed. 
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occlusion and infarction. Torsion is more likely to occur 
when the transplant kidney is placed in the peritoneal cav- 
ity. Imaging studies demonstrate a change in the renal axis. 
If vascular compromise occurs there may be parenchymal 
swelling or diminished enhancement. 


Imaging 


A variety of radiologic examinations may be helpful in in- 
vestigating urologic complications. Plain films may show 
large urinomas or other fluid collections and also may 
demonstrate stones. However, because the transplanted kid- 
ney and collecting system frequently overlie the iliac bone 
and sacrum, small or faintly calcified stones may be hard to 
find. An unenhanced CT examination is more sensitive and 
specific than plain films in evaluating transplant patients for 
stone disease. 

Excretory urography is used infrequently because many 
transplanted patients have compromised renal function, 
which is a contraindication to intravascular contrast media. 
Nevertheless, excretory urography is performed occasionally 
and may demonstrate ureteral obstruction. Urograms may 
demonstrate the accumulation of contrast in a urinoma if 
there is active large-volume urinary extravasation (Fig. 
12.23). Retrograde pyelography is sometimes difficult to 
perform on transplanted kidneys and ureters, because it is 
difficult to catheterize a ureter through a ureteroneocys- 
tostomy, but contrast may reflux into the transplant ureter 
during cystography. Cystography may demonstrate a uri- 
nary leak with the source in the wall of the bladder, but may 
give false negative results in patients in whom the leak arises 
from the distal ureter. 


FIGURE 12.23. An excretory urogram demonstrating contrast 
extravasation (arrow) as a result of leakage from the uteroneo- 
cystostomy site. 


A radionuclide examination often is one of the first stud- 
ies used to investigate transplant dysfunction. Patients with 
urinomas may, in early images, demonstrate a photopenic 
region corresponding to the urinoma; the region gradually 
will accumulate activity in the delayed images if urine is ac- 
tively excreted into the collection (Fig. 12.24). Ureteral ob- 
struction also may be identified on radionuclide studies. 
The perfusion phase in a 99mTc-DTPA examination will 
be relatively well preserved, and with a Hippuran or 
99mTc-MAG3 examination, there is relatively prompt up- 
take of the radiopharmaceutical by the transplant kidney. 
The excretory portion of the study is prolonged, and the 
renogram curve may have an ascending slope (Fig. 12.25). 
These findings are similar to those accompanying ATN and 
cyclosporine nephrotoxicity. Sometimes, direct demonstra- 
tion of hydronephrosis and hydroureter by scintigraphy, or 
by other imaging modalities, (Fig. 12.25) makes the diag- 
nosis more specific. 

Ultrasound studies are extremely useful for investigating 
urologic complications. Ultrasound may show hy- 
dronephrosis (Figs. 12.22 and 12.25) and the degree to 
which this represents ongoing obstruction may be made 
clearer by searching for abnormal resistive indices and ab- 
sent ureteral jets with Doppler. Ultrasound may detect renal 
or ureteral calculi and peritransplant fluid collections. 
Hydronephrosis is found frequently in patients with ureteral 
sloughing and urinary extravasation. 

Computed tomography may reveal urinomas or other 
fluid collections (Fig. 12.26), which can be characterized 
further with percutaneous aspiration. 

Fine-needle antegrade pyelography is useful in diagnos- 
ing transplant ureteral obstruction and in detecting and out- 
lining ureteral fistulas. Although it is an invasive technique 
and is associated with the risk of hemorrhage and infection, 
the actual complication rate is quite low. Antegrade pyelog- 
raphy also may be used to perform a Whitaker test, which is 
most useful in patients who have transplant hydronephrosis 
but who may not have ureteral obstruction. 


FIGURE 12.24. A: Initial and (B), delayed images from 191I- 
Hippuran radionuclide scan show increasing activity around the 
transplanted kidney (K) as the result of urinary extravasation. 
Activity also is present in the bladder (V). 
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FIGURE 12.25. Transplant obstruction. A: A renogram curve demonstrates an ascending slope 
compatible with obstruction. B: Ultrasound examination confirms that transplant hydronephrosis 


is present. 


Interventional uroradiologic procedures may be used 
to treat most urologic complications. Percutaneous 
nephrostomy provides relief of obstruction, and, once in- 
serted, a percutaneous nephrostomy tube may be used for 
other procedures, such as a Whitaker test. 

Some ureteral strictures may be treated successfully 
with percutaneous balloon dilatation or ureteral stent 
placement. Although there is a significant rate of short- 
term failure and long-term restenosis of transplant ureters 
after balloon dilation, the technique may provide tran- 
sient or even permanent relief of obstruction in some pa- 
tients. 

Percutaneous nephrostomy tubes may be used to treat 
stones and urinary leaks. The former can be extracted us- 
ing techniques similar to those employed in the native 
kidneys. Ureteral or anastomotic leaks may be managed 
successfully with percutaneous diversion and stent place- 


ment. 


FIGURE 12.26. Urinoma. Computed tomography demonstrates 
a collection of extravasated contrast (arrow) behind the trans- 
planted kidney. 


Peritranspilant Fluid Collections 


Fluid collections around the transplanted kidney may repre- 
sent urinomas, hematomas, abscesses, or lymphoceles. 


Hematomas 


Hematomas usually form in the immediate postoperative 
period. Ultrasound reveals them as fluid collections; but 
clots or red cell debris may produce regions of echogenicity 
within them (Fig.12.27). Clots or layers of debris may ap- 
pear on unenhanced CT images as regions denser than ad- 
jacent solid tissues. Hematomas appear photopenic on the 
early phases of a radionuclide scintigram, and MRI reveals 
the same features of hematomas as are seen with extracranial 
hematomas arising elsewhere. 


FIGURE 12.27. Perinephric hematoma. The kidney (arrows) ap- 
pears intrinsically normal; the inhomogeneous echogenic region 
adjacent to it is a clot-containing hematoma. (Courtesy of Judith 
Fayter, M.D.) 
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Urinomas 


Urinomas also form relatively early in the posttransplant pe- 
riod, because they are usually caused by acute leaks from the 
ureteral anastomosis. The fluid in urinomas appears echo- 
free on ultrasound (Fig. 12.20), has a density near water on 
CT, and demonstrates the features of protein-free fluid 
(dark on T1-weighted images and bright on T2-weighted 
images) on MRI. If urine is actively flowing into the urino- 
mas at the time of radionuclide examinations, they may be- 
come quite active (Fig. 12.24) if any renal excreted com- 
pound is used. Excretory urography is performed only rarely 
on transplant patients, but it may reveal opacification of a 
urinoma (Fig. 12.23). Eventually, leaking may cease, and an 
encapsulated urinoma may no longer accumulate excreted 
radionuclide or contrast media. 
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Lymphoceles 


Lymphoceles are the most common peritransplant fluid col- 
lection; they occur in 1% to 15% of all patients. They usu- 
ally appear 4 to 6 weeks after transplantation and frequently 
are associated with previous episodes of rejection. They are 
believed to be caused by surgical disruption of the recipient’s 
lymphatics at the time of surgery, but there may be a con- 
tribution from the transplanted kidney as well. 

Lymphoceles frequently are asymptomatic, but, when 
large, they may compress the collecting system or the ureter 
and even produce obstruction and impairment of function. 
They may be palpable and may be associated with pain and 
ipsilateral leg edema. 

Lymphoceles may be detected by a variety of imaging 
modalities (Fig. 12.28). On radionuclide examinations they 


FIGURE 12.28. Lymphocele (L) A: Longitudinal ultrasonogram. B: Transverse ultrasonogram. 
C: Computed tomography scan, and (D), Radionuclide scan. 


are seen as photopenic areas near the transplanted kidney or 
the bladder that do not accumulate activity on delayed views. 
Ultrasound demonstrates fluid-filled structures that often 
contain fine septations that may be difficult to distinguish 
from urinomas. They usually are seen at the inferior margin 
of the transplant between the kidney and the bladder. 

On CT, lymphoceles are demonstrated ag round or oval 
collections with sharp borders and CT values that range 
from 0 to 20 Hounsfield units. Without contrast, they may 
be difficult to distinguish from urinomas. After intravenous 
contrast injection, many but not all urinomas opacify, 
whereas lymphoceles do not. 

The role of percutaneous drainage of lymphoceles is con- 
troversial. Although they may be drained and cured, they re- 
cur with sufficient frequency that instillation of a sclerosing 
agent or surgical therapy may be needed. 


Abscess. The incidence of peritransplant abscess is difficult 
to estimate from the reported series. Most occur as a com- 
plication of pyelonephritis, although abscess as a direct com- 
plication of surgery also may occur. Peritransplant fluid col- 
lections such as urinomas, hematomas, or lymphoceles may 
become infected secondarily. CT and ultrasound are the 
most helpful imaging modalities in detecting abscesses, but 
they often are indistinguishable from sterile collections by 
imaging techniques alone; clinical evidence’ of infection is 
usually relied on. Needle aspiration is relatively easy to per- 
form to detect abscesses, and the abscesses usually respond 
to percutaneous catheter drainage. 


Long-Term Complications 


There is an increased incidence of malignancy in patients 
treated with immunosuppressive drugs over a long period. 
Penn classified these patients into five groups, of which 
three are pertinent to renal transplant recipients: (a) there is 
a 36% incidence of neoplasia in transplant recipients who 
receive organs from donors with carcinomas; (b) the risk of 
de novo malignancy at some time after transplantation 
ranges from 6 to 100 times greater than that of the general 
population in the same age range; (c) therelis a 53% inci- 
dence of recurrence of patients receiving a renal transplant 
because of renal cell carcinoma if the interval between treat- 
ment of the cancer and transplantation is 1 year or less. Of 
the organ recipients who develop a de novo malignancy, 
lymphomas, and Kaposi’s sarcoma tumors of the skin, lips, 
cervix, and rectum are common. 

Frick and colleagues have reported the CT appearance of 
abdominal lymphoma that develops after renal transplanta- 
tion. The incidence in this series was 1.3% of the transplant 
population. The lymphomas differed from the usual ones in 
that they frequently involved extranodal sités, especially in 
the central nervous system. CT of posttransplant lym- 
phomas in the abdomen usually reveals bulky masses with 
inhomogeneous attenuation. 
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ANATOMY 


The adrenal glands lie within the perinephric space along 
with the kidneys. In most patients, there is sufficient peri- 
nephric fat that they are easily seen on computed tomogra- 
phy (CT) (Fig. 13.1). The right adrenal gland lies antero- 
medial to the upper pole of the right kidney and immedi- 
ately posterior to the inferior vena cava (IVC). The left 
gland is anteromedial to the upper pole of the left kidney 
and posterior to portions of the splenic vein and artery. The 
right adrenal gland consistently extends above the upper 
pole of the kidney, whereas the left adrenal gland more of- 
ten is found at the level of the left upper pole and may ex- 
tend to the renal hilus. 

Both adrenal glands have an inverted Y configuration, 
with the tail of the Y pointing anteromedially. The angle be- 
tween the two arms is more acute in the cephalad portion 
and widens inferiorly as the gland tends to straddle the up- 
per pole of the kidney. In patients with renal agenesis or ec- 
topy, the ipsilateral adrenal gland has a more linear shape, 
rather than the inverted Y configuration (Fig. 13.2). 

The adrenal glands weigh approximately 5 g each and 
vary from 3 to 6 mm in width. This small size makes it dif- 


ficult to distinguish a normal from an atrophic or hyper- 
plastic adrenal gland on the basis of size. 

The arterial supply to the adrenal glands is from many 
small arterial branches from one of three main feeding ar- 
teries. This produces a comb-like appearance, with small ar- 
teriae comitantes arising from one of three dominant vessels 
(Fig. 13.3). The arteries supplying the superior portion of 
the gland come from the superior adrenal artery, which is 
usually a branch of the inferior phrenic artery. The middle 
adrenal artery arises directly from the aorta and provides ves- 
sels for the midportion of the gland. The inferior aspect of 
the adrenal gland is supplied by branches of the inferior 
adrenal artery, which most often branches from the renal 
artery. 

Each adrenal gland is drained by a single central vein. On 
the right side, the adrenal vein enters directly into the pos- 
terior aspect of the IVC (Fig. 13.4). Occasionally, however, 
the adrenal vein may join an accessory hepatic vein before 
entering the IVC. The left adrenal vein enters the inferior 
phrenic vein before joining the left renal vein. The right 
adrenal vein is shorter and has a smaller diameter than the 
left adrenal vein. This explains the increased difficulty in ob- 
taining a venous sample from the right adrenal vein com- 


pared with the left. 


FIGURE 13.1. Normal adrenal glands. The right adrenal (arrow) 
lies behind the inferior vena cava and medial to the liver. The left 
adrenal (arrow) is anteromedial to the upper pole of the left kid- 
ney. 


FIGURE 13.2. Left renal agenesis. The left adrenal gland (arrow) 
has a linear rather than an inverted Y configuration. 


FIGURE 13.3. Adrenal arteries. The adrenal gland is supplied by 
many small arterial branches that arise from the inferior phrenic 
artery, aorta, and renal artery. 
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FIGURE 13.4. Adrenal vein. A single draining right adrenal vein 
(arrow) enters directly into the inferior vena cava. 


FUNCTIONAL DISEASES 


The adrenal glands are small, and patients seldom present 
with pain or a palpable adrenal mass. Because the adrenal 
gland is an active site of synthesis of a variety of hormones, 
patients may present with symptoms of hormone excess or, 
less likely, hormone deficiency. Thus, adrenal diseases are 
discussed as hyperfunctional disorders in which excess hor- 
mone is produced, disorders of adrenal insufficiency, and 
diseases in which adrenal function is normal. Because these 
hormones can be readily measured, there is seldom doubt as 
to which category a patient belongs. 


PRIMARY ADRENAL INSUFFICIENCY 


a au (autoimmune disease) 
e Granulomatous disease 

m Metastases 

= Lymphoma 

a Hemorrhage 


Cushing's Syndrome 


Cushing’s syndrome is the manifestation of excess glucocor- 
ticoids. These steroids may come from an exogenous or en- 
dogenous source. Exogenous Cushing’s syndrome is seen in 
patients treated with large doses of steroids. Endogenous 
Cushing’s syndrome is caused by overproduction of cortisol 
by the adrenal cortex. This can be caused by an autonomous 
adrenal tumor, benign or malignant, or by adrenal hyper- 
plasia from unregulated corticotropin (ACTH) production. 

Cushing’s disease refers to bilateral adrenal hyperplasia as 
a result of excess ACTH production by a pituitary adenoma. 
However, the pituitary gland is not always the source of 
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ACTH in patients with adrenal hyperplasia; a variety of 
other tumors, such as oat cell carcinoma, bronchial ade- 
noma, and tumors of the ovary, pancreas, thymus, and thy- 
roid also may secrete ACTH. 

The characteristic appearance of a patient with Cushing’s 
syndrome includes truncal obesity, hirsutism, abdominal 
striae, and muscle atrophy. Hypertension and glucose intol- 
erance are common findings. The diagnosis of Cushing’s 
syndrome may be confirmed by measuring plasma or uri- 
nary 17-hydroxycorticosteroid levels, which are elevated. 

The most common etiology of endogenous Cushing’s 
syndrome is bilateral adrenal hyperplasia, which accounts 
for approximately 70% of cases. Approximately 90% of 
these patients also have a pituitary adenoma secreting in- 
creased amounts of ACTH. Ectopic sources of ACTH cause 
the other 10% of cases. 

A few patients with adrenal hyperplasia have macronod- 
ules that can be seen in the adrenal glands on CT examina- 
tion. These macronodules usually measure less than 3 cm 
and may be less than 1 cm in diameter. Macronodular hy- 
perplasia is caused by an ACTH secreting pituitary mi- 
croadenoma in the majority of cases. Macronodular hyper- 
plasia with a dominant nodule may be distinguished from a 
cortisol-producing adenoma by the size of the contralateral 
adrenal gland. In patients with an adenoma, the contralat- 
eral gland (and other limbs of the ipsilateral gland) are at- 
rophic while they are enlarged (hyperplastic) in patients 
with macronodular hyperplasia. 

A benign but autonomous adrenal cortical adenoma is 
the etiology of 20% of cases of endogenous Cushing’s syn- 
drome, and a primary adrenal cortical carcinoma is respon- 
sible for approximately 10% of cases. 


Conn’s Syndrome 


Conn’s syndrome, or primary aldosteronism, is the result of 
excess aldosterone produced by the adrenal glands. As with 
Cushing’s syndrome, it may be caused by adrenal hyperpla- 
sia or an adrenal tumor. A benign adenoma secreting an un- 
regulated amount of aldosterone is the most common etiol- 
ogy of primary aldosteronism, being responsible for almost 
70% of cases. Bilateral adrenal hyperplasia accounts for 
30% of cases. 

Adrenal hyperplasia may be further subdivided into idio- 
pathic hyperaldosteronism (IHA) and primary adrenal hy- 
perplasia (PAH). IHA is far more common than PAH. 
Bilateral adrenalectomy does not effectively control the hy- 
pertension and hypokalemia in patients with IHA, so they 
are treated medically. Although morphologically PAH re- 
sembles IHA, PAH may be unilateral or bilateral, and 
adrenalectomy is an effective treatment for unilateral cases. 
Rarely does a primary adrenocortical carcinoma secrete 
enough aldosterone to cause a recognizable clinical syn- 
drome. 


The syndrome Conn described in 1955 includes hy- 
pokalemia, hypertension, elevated serum aldosterone, but 
low serum renin levels. Excess levels of aldosterone cause 
sodium retention, an increase in the plasma volume, and hy- 
pertension. Because potassium is exchanged for sodium in 
the distal tubule, sodium retention creates hypokalemia. 

Aldosteronism also occurs in patients with renovascular 
hypertension. However, this form of secondary aldostero- 
nism is distinguished from primary aldosteronism by mea- 
suring the serum renin level, which is low in Conn’s syn- 
drome. 

Laboratory tests also can be used to help distinguish be- 
tween hyperplasia and an adenoma, as the etiology of pri- 
mary aldosteronism. However, these tests are not entirely 
accurate and radiographic confirmation is usually obtained. 
Furthermore, if an adenoma is present, radiographic tech- 
niques are needed to localize the tumor. 


Adrenogenital Syndromes 


These syndromes are the result of an inborn error in the 
adrenal enzyme system that blocks or impairs the synthesis 
of cortisol or aldosterone. Low serum levels of cortisol stim- 
ulate ACTH secretion by the pituitary gland, while inade- 
quate concentrations of aldosterone lead to increases in 
renin and angiotensin. Each of the six different enzyme de- 
ficiencies results in a different form of congenital adrenal 
hyperplasia. The clinical manifestations are determined by 
the degree of deficiency of cortisol or aldosterone and by the 
biologic properties of the biochemical intermediates that are 
formed and secreted in excess. 

Deficiencies of 21-hydroxylase or 11B-hydroxylase are 
the most common forms of congenital adrenal hyperplasia. 
More than 90% of cases of congenital adrenal hyperplasia 
are because of a deficiency of 21-hydroxylase. Insufficient 
21-hydroxylase impairs production of cortisol and aldos- 
terone. Because androgens do not require 21-hydroxylase 
for their synthesis, they are overproduced in response to 
high levels of ACTH. The clinical manifestation depends on 
the sex of the patient and the age at which the androgen ex- 
cess appears. Virilization is seen in women, and precocious 
puberty is found in young boys. 

When a deficiency of 11B-hydroxylase exists, cortisol se- 
cretion is impaired. This results in an increase in ACTH, 
and the precursor 11-deoxycortisol is oversecreted. This pre- 
cursor is a mineralocorticoid that induces hypertension. 
Because androgens do not require 1 1 B-hydroxylation, viril- 
ization or precocious puberty may result. 


Virilizing Tumors 


Androgen-producing tumors are rare, may be benign or ma- 
lignant, and occur in either males or females at any age. 
Patients whose virilization is the result of a tumor usually 


present at a later age than those with congenital adrenal hy- 
perplasia do. 

The typical clinical manifestations include amenorrhea, 
hirsutism, enlargement of the clitoris, and deepening of the 
voice. Elevated testosterone levels also are frequently found 
in adrenal tumors, so a high testosterone level cannot be 
used to distinguish a gonadal tumor from an|adrenal tumor. 


Feminizing Tumors 


Feminizing tumors are quite rare. They are|usually seen in 
men, but have been reported in prepubertal girls and post- 
menopausal women. Gynecomastia is the predominant 
clinical manifestation. 


Adrenal Insufficiency 


Adrenal insufficiency may result from inadequate stimula- 
tion by ACTH (secondary) or may be caused by tissue de- 
struction of the adrenal glands (primary). o normal 
adrenal function depends on ACTH, any disorder that im- 
pairs the ability of the pituitary gland to secrete ACTH may 
lead to adrenal hypofunction. With decreased ACTH activ- 
ity, cortisol and adrenal androgen secretion diminish, but al- 
dosterone secretion remains relatively intact| Thus, patients 
with hypopituitarism can tolerate sodium deprivation better 
than patients with primary adrenal | insufficiency. 
Furthermore, hypopituitary patients do not|develop muco- 
cutaneous hyperpigmentation, as this depends on excessive 
ACTH secretion. 

Primary adrenal insufficiency, or Addison’s disease, oc- 
curs only after at least 90% of the adrenal cortex has been 
destroyed. Idiopathic adrenal atrophy is the most common 
cause of Addison’s disease in the United States and is most 
likely an autoimmune disorder. The other common cause of 
Addison’s disease is destruction of the adrenal glands by a 
granulomatous disease, usually tuberculosis. However, 
other causes such as infarction, amyloidosis, hemorrhage, or 
destruction by histoplasmosis, blastomycosis, disseminated 
fungal infection, lymphoma, and metastatic tumor have 
been reported. 

Histoplasmosis usually is a mild pulmonary infection. 
Occasionally histoplasma cells disseminate to multiple sites, 
which usually heal without sequelae. Disseminated histo- 
plasmosis can occur in otherwise healthy individuals, but 
immunocompromised patients or those at either end of the 
age spectrum are most susceptible. Organs commonly in- 
volved by disseminated histoplasmosis include the liver, 
spleen, adrenal glands, and lymph nodes. Adrenal insuffi- 
ciency may occur when both adrenal glands are involved. 

With histoplasma infection, the adrenal glands enlarge 
symmetrically. They maintain a normal configuration, but 
have low-density centers with peripheral enhancement. 
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Calcification may develop during the healing phase. This 
appearance may be seen with infection by granulomatous 
diseases. The diagnosis may be confirmed by percutaneous 
biopsy, although the pathologist must be alerted to the pos- 
sibility of histoplasma infection so that special stains are 
used. 

The clinical onset of Addison’s disease usually is gradual 
and may be difficult to recognize. Manifestations primarily 
are a function of cortisol and aldosterone deficiency. 
Because cortisol deficiency results in increased pituitary se- 
cretion of ACTH and other melanocyte-stimulating hor- 
mones, patients with Addison’s disease develop a character- 
istic hyperpigmentation. Treatment includes cortisol and 
aldosterone replacement, as well as saline to correct extra- 
cellular fluid depletion. 

The radiographic manifestations of adrenal insufficiency 
depend on the cause of adrenal dysfunction, The plain ab- 
dominal radiograph may reveal adrenal calcification, com- 
monly seen in tuberculosis or histoplasmosis. 

The most useful examination is CT, which defines the 
size and shape of the adrenal glands. In idiopathic Addison’s 
disease, severe cortical atrophy is present, such that the 
adrenal glands may be difficult to detect. 

Granulomatous involvement by tuberculosis or histo- 
plasmosis usually is bilateral. The glands are enlarged, but 
often maintain a normal configuration. Calcification is 
common. 

If adrenal hemorrhage is acute, it may be recognized by 
the increased density of the recent hemorrhage. As the den- 
sity of the hematoma decreases, it becomes indistinguishable 
from other adrenal masses. Although adrenal metastases 
(Fig. 13.5) are common, adrenal insufficiency rarely occurs. 
This is because so much of the adrenal cortex must be de- 
stroyed before insufficiency ensues. 


FIGURE 13.5. Adrenal insufficiency. Both adrenal glands are de- 
stroyed by metastases. 
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Radiology 
Urography 


The plain radiograph usually is unrewarding in patients 
with hyperfunctioning adrenal cortical disease, although 
large masses can be recognized. Calcification may be present 
in an adrenal carcinoma, but this is a nonspecific finding. 
Excretory urography will be normal unless the adrenal mass 
displaces the kidney. Because the adrenal glands lie antero- 
medial to the upper poles of the kidneys, an adrenal mass 
will push the upper renal pole laterally, creating a more ver- 
tical renal axis. If the adrenal lesion is huge, the ipsilateral 
kidney also will be displaced inferiorly. 


Ultrasound 


Although the normal adrenal gland may be difficult to im- 
age with ultrasound, tumors larger than 2 cm often can be 
detected. The right adrenal gland usually is easier to study, 
because the liver provides a good acoustic window. Obese 
patients are more difficult to image because of the higher 
sound attenuation of fat. 

In patients with hyperfunction of the adrenal glands, ul- 
trasound has two major uses. Large functioning tumors, 
such as adrenal carcinomas, may be difficult to distinguish 
from adjacent organs, such as the kidney or liver. The mul- 
tiple scan projections that can be used with ultrasound may 
allow a tissue plane to be distinguished that could not be 
seen with CT. Some adenomas may have sufficient lipid 
within them to appear as low-density (near-water) masses. 
Without intravenous contrast administration, CT is unable 
to differentiate a small homogeneous adenoma from an 
adrenal cyst. Ultrasound may be valuable in demonstrating 
the solid nature of the adenoma. 


Computed Tomography 


The modality routinely used to evaluate the adrenal glands 
is CT. The perinephric fat present in most patients allows 
the adrenal glands to be displayed clearly, and tumors as 
small as 5 mm in diameter can be identified. The adrenal 
glands must be examined carefully using contiguous 3- or 5- 
mm collimated slices. Intravenous contrast medium usually 
is not needed, but may be used to distinguish an adrenal 
mass from the upper pole of the kidney. 

The adenomas in Conn’s syndrome usually are the most 
difficult adrenal tumors to detect because they tend to be the 
smallest, averaging less than 2 cm in diameter. Careful study 
of the adrenal gland is required and repeat, narrowly colli- 
mated sections may be needed. (Fig. 13.6). 

Patients with Cushing’s syndrome, conversely, are rela- 
tively easy to examine by CT. The tumors in these patients 
are larger than those causing Conn’s syndrome, and the 
adrenal glands are depicted clearly by the abundant 
retroperitoneal fat (Fig. 13.7). Tumors that are greater than 


FIGURE 13.6. Adrenal adenoma. An aldosterone-secreting ade- 
noma (arrow) is seen in the left adrenal gland. 


4 cm in diameter or that demonstrate central necrosis are 
suspicious for malignancy and may be instances of a primary 
adrenocortical carcinoma rather than an adenoma. 

Bilateral adrenal hyperplasia is seen as enlargement of the 
entire adrenal gland, but without a focal mass. The limbs of 
the adrenal gland are thicker and longer, and they are seen 
over a larger series of CT sections (Fig. 13.8). Patients whose 
hyperplasia is caused by an ectopic source of ACTH tend to 
have larger adrenal glands than those with a pituitary ade- 
noma as the source of ACTH. (Fig. 13.9). 

Enlargement of the adrenal gland usually is more obvious 
in patients with Cushing’s syndrome than in those with 
Conn’s syndrome. However, there is significant overlap 
with the appearance of normal adrenal glands, and hyper- 
plasia should not be diagnosed by morphology alone. 
Furthermore, patients with adrenal hyperplasia also may 
have discrete nodules that cannot be distinguished from an 
autonomous adrenal adenoma. 


FIGURE 13.7. Adrenal adenoma. Cortisol-secreting adenomas 
(A) are easy to detect because of the abundant retroperitoneal 
fat. 


FIGURE 13.8. Bilateral adrenal hyperplasia. Both adrenal glands 
(arrows) are thick and elongated in this patient with Cushing's 
disease. 


Arteriography 


Adrenal arteriography is used seldom in the evaluation of 
functional adrenal diseases. Computed tomography is a su- 
perior method of detecting adrenal hyperplasia or an adrenal 
tumor. Occasionally arteriography is used to identify the tis- 
sue of origin of a large upper quadrant mass, because delin- 
eation of the vessels supplying the mass defines the organ 
from which it developed. 


Venography 


Because each adrenal gland is drained by a central vein, the 
entire gland can be visualized with a single contrast injec- 
tion. Although an adenoma can be detected as a focal mass 
that displaces intraadrenal veins, adrenal venography is 
more often employed to provide samples of blood from the 
adrenal veins for hormone analysis. 


FIGURE 13.9. Bilateral adrenal hyperplasia. Both adrenal glands 
are markedly enlarged (arrows). 
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Venous Sampling 


Venous sampling can be valuable in patients with Conn’s 
syndrome, because the aldosterone-secreting adenoma often 
is less than 1 cm and may be too small to be detected by CT. 
Venous sampling is needed rarely in evaluating patients with 
Cushing’s syndrome, but may be applied to those patients 
suffering from masculinizing or feminizing tumors. 


Magnetic Resonance 


The perinephric fat provides excellent contrast for magnetic 
resonance imaging (MRI) as well as CT. The spatial resolu- 
tion of MRI is similar to that of CT, and the additional pa- 
rameters available to distinguish benign from malignant le- 
sions may be useful. For most patients with hyperfunction 
of the adrenal cortex, MRI does not provide additional in- 
formation after a CT examination. 


Radioisotope Scanning 


Cortical imaging agents have been developed that can local- 
ize hyperfunctioning adrenal cortical tumors, particularly in 
patients with Cushing’s syndrome. The labeling agent io- 
dine-131—19-iodocholesterol is given intravenously, and 
scans are obtained after a delay of 2 to 14 days. However, the 
success of CT in localizing these adrenal tumors has made 
this examination unnecessary in most centers. 


ADRENAL MEDULLA 
Pheochromocytoma 


Pheochromocytomas are tumors composed of chromaffin 
cells and usually are located in the adrenal medulla. 
Extraadrenal pheochromocytomas (paragangliomas) may lie 
anywhere between the base of the brain and the epididymis, 
but usually lie along the sympathetic chain in the retroperi- 
toneum. They are rare tumors and account for less than 1% 
of patients with systemic hypertension. 

Patients may complain of episodes of headaches associ- 
ated with palpitation and diaphoresis. If the pheochromo- 
cytoma is located in the bladder wall, micturition may in- 
duce a symptomatic episode. 

Hypertension is the most common finding and is present 
in more than 90% of patients. Hypertension from a 
pheochromocytoma may be difficult to distinguish from 
renovascular or essential hypertension; however, patients 
with a pheochromocytoma are more likely to have labile hy- 
pertension with discrete paroxysmal attacks. These patients 
also are prone to hypertensive attacks during anesthesia in- 
duction. Manipulation of the gland during surgery, percu- 
taneous adrenal biopsy, or even selective adrenal arteriogra- 
phy also may induce a hypertensive crisis. 

Pheochromocytomas are associated with other endocrine 
tumors. The multiple endocrine neoplasia (MEN) syn- 


266 Textbook of Uroradiology 


drome, type 2A, includes medullary carcinoma of the thy- 
roid and parathyroid hyperplasia as well as pheochromocy- 
toma. The MEN syndrome, type 2B, comprises pheochro- 
mocytoma, medullary carcinoma of the thyroid, and 
mucocutaneous manifestations of mucosal neuromas, in- 
testinal ganglioneuromatosis, and a marfanoid habitus. The 
majority of patients with the MEN 2A or MEN 2B syn- 
dromes have pheochromocytomas that are bilateral and al- 
most always intraadrenal. All manifestations of the syn- 
drome may not occur at the same time. Thus, a careful 
history of a previous endocrine abnormality should be ob- 
tained in evaluating patients who may fall into these cate- 
gories. These syndromes are inherited in an autosomal- 
dominant fashion. 


MULTIPLE ENDOCRINE NEOPLASIA 
Type 2A 


Ë Medullary carcinoma of raved” 
m Pheochromocytoma (usually bilateral) 
m Parathyroid adenoma 


MULTIPLE ENDOCRINE NEOPLASIA 
Tape 2B 


-~ @ Medullary carcinoma of thyroid 
m Pheochromocytoma (usually bilateral) 
m Mucosal neuromas 
m Intestinal ganglioneuromatoses _ 
s Marfanoid habitus 


Pheochromocytoma is associated with neurofibromatosis 
(type 1) and von Hippel-Lindau syndrome (type 2). A syn- 
drome of familial pheochromocytomas not associated with 
other endocrine tumors has also been noted. In 1977, 
Carney and colleagues reported the association of a gastric 
leiomyosarcoma, a pulmonary chondroma, and a function- 
ing extraadrenal pheochromocytoma. This rare combina- 
tion of neoplasms often is termed Carney’s triad. 


a ee ae 


m Multiple endocrine neoplasia, typ 

m Multiple endocrine neoplasia, type 2B 
von Hippel-Lindau disease 

m Neurofibromatosis 

m Carney’s triad | 


Although 90% of all pheochromocytomas are located in 
the adrenal medulla, there is a striking difference between 
sporadic tumors and those associated with the MEN syn- 
dromes. The sporadic pheochromocytomas are located out- 
side the adrenal gland in as many as 25% of cases, while 
those associated with the MEN 2 syndromes are virtually al- 
ways intraadrenal. Pheochromocytomas found in patients 
with MEN 2 syndrome are usually multicentric, and involve 
both adrenal glands in more than 80% of cases. 

The histologic appearance also differs in sporadic and 
MEN 2-associated cases. In sporadic cases, the tumor is well 
encased with normal adjacent medulla. In patients with 
MEN 2 syndrome, the medulla is hyperplastic and the tu- 
mor may be multicentric. 

If a pheochromocytoma is suspected, the diagnosis can 
be made by measuring elevated levels of serum or urine cat- 
echolamines. Urinary metanephrines or vanillylmandelic 
acid (VMA) is elevated in more than 90% of patients when 
measured on 24-hour urine collections. Epinephrine, nore- 
pinephrine, and dopamine can be measured by liquid chro- 
matography, which further aids in the diagnosis. Several 
separate determinations should be made because of the 
episodic hormone secretion found in these patients. 
Furthermore, patients taking medications such as methyl- 
dopa or mandelamine may have falsely high catecholamine 
levels. 

In the past, provocative tests using an adrenal stimulator 
such as glucagon have been used. Although an occasional 
patient still may benefit from this procedure, it has largely 
been abandoned. Because glucagon may induce a hyperten- 
sive crisis, it should not be used in patients undergoing an 
abdominal CT scan to identify a suspected pheochromocy- 
toma. 

Pheochromocytomas usually are benign, but approxi- 
mately 13% demonstrate malignant behavior. Extraadrenal 
pheochromocytomas are more likely to be malignant than 
intraadrenal tumors. 

The treatment for patients with pheochromocytoma is 
surgical resection. Biochemical confirmation of the diagno- 
sis and accurate preoperative radiologic localization have 
made these operations much safer. Nevertheless, patients 
undergoing surgical resection still must receive adrenergic 
blockade before the induction of anesthesia as well as care- 
ful monitoring during the operation to treat any crises. Both 
an alpha-adrenergic blocker (phenoxybenzamine) as well as 
a beta-blocker (propranolol) are advocated, while nitroprus- 
side may be used to treat hypertensive episodes. This same 
regimen may be used in patients requiring invasive radio- 
logic procedures. 


Radiology 


Ultrasound 
Ultrasound may be used to localize an intraadrenal 
pheochromocytoma (Fig. 13.10), but also may identify 


FIGURE 13.10. Pheochromocytoma. A 4-cm left adrenal 
pheochromocytoma (P) is seen on this unenhanced computed to- 
mography examination. 


ectopic tumors lying in the paraaortic area. Pheo- 
chromocytomas tend to be more echogenic than normal 
adrenal tissue, possibly owing to the hypervascularity they 
usually exhibit. By varying the angle of the transducer, ul- 
trasound may be able to detect a tissue plane not seen with 
CT and may determine the organ of origin of a large upper 
quadrant mass. Ultrasound also is often helpful in children, 
in whom the relative lack of retroperitoneal fat makes CT 
evaluation difficult. 


Computed Tomography 

As with tumors of the adrenal cortex, CT is the primary lo- 
calizing examination in patients with an intraadrenal 
pheochromocytoma (Fig. 13.10). Most intraadrenal 
pheochromocytomas are detected, and a sensitivity of 95% 
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FIGURE 13.11. Multiple endocrine neoplasia (MEN) syndrome. 
This patient with a history of medullary carcinoma of the thyroid, 
had a right pheochromocytoma removed (surgical clips) 2 years 
earlier. A small left adrenal mass (arrow) is detected on this un- 
enhanced computed tomography scan. 


can be expected. Care must be taken when examining pa- 
tients with the MEN syndrome, however, because the tu- 
mors in these patients often are smaller (Fig. 13.11). 
Because most extraadrenal pheochromocytomas (paragan- 
gliomas) lie in the paraaortic region, they also are demon- 
strated on an abdominal CT examination (Fig. 13.12). 
The administration of intravascular contrast media is 
unnecessary for most patients undergoing a CT examina- 
tion to localize a pheochromocytoma. The adrenal glands 
are well visualized and most tumors are large enough to be 
readily identified. The intravenous administration of ionic 
contrast media in patients with a pheochromocytoma has 
been shown to stimulate catecholamine secretion and may 
cause a hypertensive crisis. This does not appear to be the 
case with nonionic media. Although the administration of 
nonionic contrast media is not associated with the eleva- 


FIGURE 13.12. Paraganglioma. A: A heterogeneous mass (P) in the left paraaortic region on an 
enhanced computed tomography examination was found to be an extraadrenal pheochromocy- 
toma. B: Hepatic metastases demonstrate its malignant nature. 
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tion of catecholamine levels, it is unnecessary in most pa- 
tients. 


Magnetic Resonance Imaging 

Pheochromocytomas are both identified and characterized 
by MRI. Tl-weighted sequences are used to identify the 
mass, while the high signal intensity seen on T2-weighted 
images helps to characterize it as a pheochromocytoma (Fig. 
13.13). This intense T2-weighted signal helps to distinguish 
a pheochromocytoma from an adrenal adenoma. 

MRI can identify pheochromocytomas in areas that may 
be a problem for CT. Tumors in the wall of the urinary 
bladder or the paracardiac region often are problematic on 
CT, but are clearly recognized with MRI. Postoperative pa- 
tients in whom retroperitoneal tissue planes are disrupted 
may be difficult to examine with CT. 


Nuclear Medicine 

Metaiodobenzylguanidine (MIBG) is an analogue of 
guanethidine that is taken up by adrenergic tissue. When 
MIBG is labeled with a radionuclide, pheochromocytomas 
can be localized (Fig. 13.14). 

The overall accuracy of MIBG is similar to that of CT 
and MRI; however, scintigraphy has several advantages. 
With a single injection of radionuclide, the entire body can 
be scanned. This is particularly helpful for ectopic tumors or 
for the detection of metastatic deposits. MIBG also can de- 
tect medullary hyperplasia, which is seen in patients with 
MEN syndromes and may be an early manifestation of a de- 
veloping pheochromocytoma. 

However, MIBG is not widely used to detect or localize 
pheochromocytomas. '*'I-MIBG has recently gained ap- 
proval of the Food and Drug Administration (FDA), but is 
not universally available. Furthermore, the spatial resolution 
is poor, and studies require 1 to 3 days to complete. 


FIGURE 13.13. Pheochromocytoma. This fast spin-echo image 
demonstrates a large mass (P) in the right paracaval region. The 
high signal intensity is typical of pheochromocytomas. 


FIGURE 13.14. Pheochromocytoma. Increased radionuclide ac- 
tivity in the region of the right adrenal gland (arrow) on this 
metaiodobenzylguanidine (MIBG) scan helps to localize a 
pheochromocytoma. 


Positron emission tomography (PET) with 2-[fluorine- 
18] fluoro-2-deoxy-D-glucose (FDG) also may be used to 
localize pheochromocytomas. FDG is accumulated by the 
majority of both benign and malignant pheochromocy- 
tomas, including some that fail to concentrate MIBG. 


Neuroblastoma 


Neuroblastomas are primitive tumors that arise from sym- 
pathetic nervous system tissue (Table 13.1). They may oc- 
cur in the neck, thorax, abdomen, and pelvis, but no defi- 
nite primary site can be found in a significant minority of 
patients. The most common location is the adrenal gland, 
which accounts for approximately 35% of patients. 
Neuroblastomas usually occur in young children. 


TABLE 13.1. NEUROBLASTOMA STAGING 


Stage Disease Extent 


l Confined to organ of origin 
tl Contiguous extension beyond organ of origin but 
not beyond midline. Regional ipsilateral lymph 
nodes may be involved 
Iil Contiguous extension beyond midline. Regional 
lymph nodes may be involved bilaterally 


IV Remote disease involving skeleton, parenchymatous 
organs, soft tissues, or distant lymph nodes 
IVs Stage I or II disease and remote disease confined to 


one or more of the following sites: liver, skin, or 
bone marrow 


Approximately 25% of cases occur in the first year of life 
and as many as 60% occur by the age of 2 years. 

Although neuroblastoma is the most common extracra- 
nial malignant tumor in childhood, its incidence is only one 
to three per 100,000 children per year. An increased inci- 
dence is seen in neurofibromatosis, and familial associations 
have been reported. 

Some neuroblastomas spontaneously mature into benign 
ganglioneuromas. Histologically, neuroblastomas contain 
densely packed small round cells that may be difficult to dif- 
ferentiate from other tumors, such as Ewing's sarcoma, lym- 
phoma, or rhabdomyosarcoma. Tumors that contain more 
mature ganglion cells mixed with neuroblasts are classified 
as ganglioneuroblastomas. Ganglioneuroblastomas and 
ganglioneuromas are differentiated from neuroblastomas 
by a greater degree of cellular maturation. Ganglio- 
neuroblastomas are malignant tumors, but may be partially 
or totally encapsulated. Ganglioneuromas are benign tu- 
mors with an intact capsule, but careful evaluation of the en- 
tire tumor is necessary because there may be marked varia- 
tion in different parts of the tumor. 

The most common presentation of a child with a neu- 
roblastoma is with an abdominal mass discovered by a par- 
ent. Other presenting symptoms include opsoclonus and 
myoclonus, paresis resulting from tumor extension through 
the neural foramina, Horner’s syndrome, or bone pain from 
metastatic disease. Most patients have elevated urinary cate- 
cholamines when measured as catechol excretion per mil- 
ligram of creatinine. More than 50% of patients excrete 
high levels of VMA and up to 90% of patients have an ele- 
vation of VMA or homovanillic acid. 

The staging system described by Evans and associates in 
1971 is still the one most commonly used to stage neurob- 
lastomas. Stage I tumor is confined to the organ of origin. 
In stage II, the tumor has grown outside the organ of origin 
but not across the midline. Regional lymph nodes may be 
involved, but must be on the same side as the tumor. Stage 
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II] tumors extend in continuity across the midline. Lymph 
node involvement may be bilateral. Patients with stage IV 
tumors have widespread disease involving the bony skele- 
ton, distant lymph nodes, and distant organs. A variant of 
stage IV, stage IV-s is attributed to patients whose primary 
tumor would be considered stage I or II, but in whom there 
is limited metastatic disease to the liver, skin, or bone mar- 
row. These patients usually are infants younger than 1 year 
of age. Approximately 70% of patients have metastases at 
time of presentation. 


Radiology 


Urography 

The plain abdominal radiograph may demonstrate a pattern 
of stippled calcification that helps distinguish a neuroblas- 
toma from a Wilms’ tumor. Evidence of bone metastases or 
widened neural foramina also may be detected with plain ra- 
diographs. 

Excretory urography may be useful to distinguish an ex- 
traadrenal tumor from an intrarenal Wilms’ tumor. The 
kidney often is displaced inferiorly by an adrenal neuroblas- 
toma. The contralateral kidney must also be evaluated, be- 
cause the adjacent kidney may be compromised or removed 
as the neuroblastoma is excised. 


Ultrasound 

Sonography and CT have replaced urography as the primary 
modalities for evaluating a patient with a suspected neuro- 
blastoma. Ultrasound is valuable especially in small children 
who have a paucity of retroperitoneal fat. A mass of hetero- 
geneous echogenicity usually is seen in the region of the 
adrenal gland (Fig. 13.15). The margins are poorly defined, 
and a capsule is not present. A sonographic “lobule” of ho- 
mogeneous increased. echogenicity consisting of an aggre- 
gate of cells separated from the surrounding tumor by colla- 


FIGURE 13.15. Neuroblastoma. A: A large neuroblastoma (N) with heterogeneous echogenicity 
is defined by ultrasound. B: Although there is very little retroperitoneal fat, the tumor (N) is eas- 
ily detected on computed tomography because of its large size. 
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FIGURE 13.16. Neuroblastoma. Calcification is seen in this ma- 
lignant tumor involving paraaortic lymph nodes. 


gen deposition has been described in a minority of patients. 
Ultrasound also can be used to detect involvement of adja- 
cent vascular structures, such as the inferior vena cava. 


Computed Tomography 

Unenhanced CT scans are more sensitive than plain radio- 
graphs in detecting the mottled calcification commonly seen 
in neuroblastoma (Fig. 13.16). Intravenous contrast 
medium commonly is used to distinguish a renal from an 
extrarenal mass (Fig. 13.17). CT may be used to identify 
neuroblastomas in the abdomen, pelvis, or chest. 
Involvement of adjacent organs or retroperitoneal lymph 
nodes can be detected. 


Magnetic Resonance Imaging 

MRI is a useful study in children with neuroblastoma if the 
child is sedated and motion artifact is reduced or eliminated. 
The tumor has a signal intensity slightly lower than liver or 


FIGURE 13.18. Neuroblastoma. A large right neuroblastoma (N) 
is easily seen on this T2-weighted (TR 2000, TE 35) magnetic reso- 
nance image. 


renal cortex on T1-weighted images. On T2-weighted se- 
quences, the intensity is higher than liver but similar to kid- 
ney (Fig. 13.18). The signal often is heterogeneous as a re- 
sult of tumor necrosis and hemorrhage. 

The ability to scan in any plane is especially helpful. 
Using the coronal plane and T1-weighted sequences, the 
neuroblastoma can be distinguished from the kidney and 
liver. T2-weighted images have superior contrast differenti- 
ation and are used in differentiating the extent of the tumor 
from adjacent normal tissue. 

MR may also be useful in distinguishing residual or re- 
current tumor from post therapy fibrosis. Fibrosis has a de- 
creased signal intensity on T2-weighted images while tumor 
has a high signal intensity. 


Nuclear Medicine 
Because neuroblastomas commonly metastasize to bone, ra- 
dionuclide bone scans are useful. In addition, many primary 


FIGURE 13.17. Neuroblastoma. A: Paraaortic masses are present, but are difficult to distinguish 
on an unenhanced computed tomography examination. B: After contrast injection the kidneys 
and large retroperitoneal vessels are clearly defined. 


tumors demonstrate uptake of a skeletal tracer. MIBG is 
sensitive for the detection of neuroblastomas and may be 
useful in confirming neuroblastoma as the etiology of an ab- 
dominal mass. 


Treatment 


Surgical excision is indicated in patients with stage I or II 
disease, as well as stage II disease originating in the medi- 
astinum. In patients with more advanced disease, 
chemotherapy is used first to reduce the size of the primary 
tumor and control metastases. Irradiation also may be used 
in combination with chemotherapy. Unfortunately, the 
overall survival remains less than 50%. 


NONFUNCTIONAL DISEASES 
Adenoma 


Benign, nonhyperfunctioning adrenal adenomas commonly 
are encountered on abdominal CT examinations. Hedeland 
and colleagues found adrenal adenomas in 8,7% of 739 con- 
secutive postmortem examinations, whereas Commons and 
Callaway (1948) found adenomas greater than 3 mm in di- 
ameter in 2.86% of 7,437 autopsies. Both studies found 
more adenomas among older patients and those with dia- 
betes or hypertension. 

Adenomas consist of cords of clear cells separated by fi- 
brovascular trabeculae. It often is difficult co distinguish a 
benign adenoma from an adrenal cortical carcinoma. 
Although carcinomas are more likely to have hemorrhage, 
necrosis, pleomorphism, and giant cells, these features also 
may be seen in benign adenomas. 

Nonhyperfunctioning adenomas are almost always de- 
tected as an incidental finding. Occasionally, they are large 
enough to cause pain or compress adjacent structures. 
Rarely does hemorrhage into an adenoma occur. 


Radiology 


Calcification may be seen rarely on an abdominal radio- 
graph, and large adenomas may displace the ipsilateral kid- 
ney. Ultrasound can detect adrenal adenomas when they 
reach 2 to 3 cm in diameter. Furthermore, ultrasound may 
be helpful in distinguishing a solid tumor from a cyst. 

Most adenomas are detected during a CT’ examination of 
the upper abdomen. Typically, the nonhyperfunctioning 
adenoma is a well-defined, rounded, homogeneous mass 
(Fig. 13.19). Calcification is uncommon and central necro- 
sis or hemorrhage is rare. 

Adrenal adenomas are distinguished from other adrenal 
masses, especially metastases, by the presence of lipid. 
Approximately 80% of adrenal adenomas are “lipid rich” 
and contain abundant cytoplasmic lipid. The identification 
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FIGURE 13.19. Benign adenoma. A left adrenal mass (arrow) 
was found to be a nonhyperfunctioning adenoma at autopsy. 


of this lipid on either an unenhanced CT or chemical-shift 
MR examination allows the confident diagnosis of an ade- 
noma. (Fig. 13.20). In the series reported by Korobkin 
(1996) and colleagues, the mean attenuation for nonhyper- 
functioning adrenal adenomas on unenhanced CT scans [3 
Hounsfield units (HU)] was significantly lower than for 
nonadenomas (32 HU). In this series, none of the nonade- 
nomas had an attenuation coefficient less than 18 HU. 

Adrenal masses are demonstrated easily with MRI. 
Adenomas are well-defined, homogeneous masses with a rel- 
atively low signal intensity on both T1 and T2-weighted im- 
ages. MRI also may be useful in distinguishing a nonhyper- 
functioning adenoma from metastatic tumor. Metastases 
typically have higher signal intensities than adenomas on 
T2-weighted sequences (Fig. 13.21). 


FIGURE 13.20. Benign adenoma. A left adrenal mass measuring 
-5 HU is found (arrow) on this unenhanced CT examination. 
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FIGURE 13.21. Benign adenoma. A: The left adrenal mass (arrow) is well-defined on T1- 
weighted (TR 500, TE 25) images. B: The relatively low signal intensity on T2-weighted (TR 2500, 
TE 80) images distinguishes this benign tumor (arrow) from an adrenal metastasis. 


Carcinoma 


Primary adrenal cortical carcinoma is an uncommon malig- 
nancy that occurs with a frequency of approximately 1 case 
per 1 million population. Men and women are affected 
equally, but functional tumors are more common among fe- 
male patients. Although the median age at presentation is 
the fifth decade, patients ranging from 1 to 80 years of age 
have been reported. 

Adrenal carcinomas occur more commonly in the left 
gland than in the right, and up to 10% may be bilateral. 
They usually are quite large at presentation, although a tu- 
mor as small as 1 cm has been reported. They have a nodu- 
lar surface and are incompletely encapsulated. Central tu- 
mor necrosis and hemorrhage are common. 

The microscopic appearance is variable. Some carcino- 
mas are well differentiated such that differentiation from an 
adenoma is difficult. In more frankly malignant lesions, 
highly abnormal cells with giant nuclei, multinucleation, 
and atypical mitoses are found. 

The most common presentation of patients with an 
adrenal carcinoma is abdominal pain or a palpable mass. 
Approximately 50% of these tumors are functional and may 
be detected by the manifestations of excess hormone pro- 
duction. Cushing’s syndrome is most frequent, followed by 
virilization and feminization. Hyperaldosteronism rarely is 
caused by carcinoma. 

Many of the “nonfunctional” carcinomas may produce 
hormones that do not cause a clinical syndrome. This can be 
demonstrated by measurement of urinary 17-ketosteroid 
levels. 

Surgical excision is the only effective therapy. 
Chemotherapy with ortho para DDD (OP’ DDD) and ra- 


diation therapy may be given for palliation, but they do not 
improve survival. 


Radiology 


A large upper abdominal mass may be detected on plain ab- 
dominal radiographs. Although calcification is common, it 
is much easier to detect on CT than on a plain film. The 
urogram usually is abnormal. The ipsilateral kidney is dis- 
placed inferolaterally by the adrenal mass. Because the 
adrenal gland lies medial to the upper pole of the kidney, the 
renal axis is more vertical than normal. The kidney itself is 
normal, unless there is involvement of the left renal vein or 
direct extension into the kidney. 

Ultrasound can demonstrate a suprarenal mass. Smaller 
lesions, up to 6 cm, often are homogeneous, whereas larger 
tumors have a heterogeneous texture with scattered 
echopenic areas representing tumor necrosis or hemorrhage. 
The tumors are characteristically well-defined. Venous ex- 
tension occasionally may be demonstrated. 

The typical CT appearance of adrenal carcinoma is a 
large mass with central areas of low attenuation representing 
tumor necrosis (Fig. 13.22). Calcification is seen in approx- 
imately 30% of cases. Evidence of hepatic or regional lymph 
node metastases also may be seen on CT. Extension of tu- 
mor into the left renal vein or IVC may be detected by CT. 
If the extent of the tumor thrombus cannot be defined pre- 
cisely, MRI may be needed. (Fig. 13.23). 

The most difficult area for CT staging of adrenal carci- 
noma has been the detection of direct hepatic extension. If 
a fat plane exists between the tumor and the liver, there is no 
hepatic involvement. However, if there is no fat plane, it is 


FIGURE 13.22. Carcinoma. A heterogeneous 6-cm right adrenal 
mass (C) is seen on an enhanced computed tomography exami- 
nation. 


impossible to predict the presence or absence of liver inva- 
sion. 

Arteriography is needed only infrequently for the evalua- 
tion of patients with suspected adrenal carcinoma. In pa- 
tients with a huge mass in the region of the adrenal gland, it 
may be difficult to determine the tissue of origin. The 
adrenal gland may not be identified because of compression 
by the huge mass and fat planes no longer separate it from 
adjacent organs such as the kidney and liver. Selective arte- 
riography can identify the primary vascular supply and de- 
termine the organ of origin of the mass. Selective renal, in- 
ferior phrenic, and celiac or hepatic artery injections should 
be performed. If possible, selective injection of the middle 
adrenal artery also may be helpful. 

Adrenocortical carcinomas typically ate hypovascular 


. . | 
with large areas of central necrosis. The most vascular por- 
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tion of the tumor usually is the periphery and the inferior 
phrenic artery provides the majority of the tumor vessels. 

MRI often is used to evaluate a suspected adrenal carci- 
noma. The tumors usually are heterogeneous and hyperin- 
tense on both T1- and T2-weighted sequences. The high 
signal intensity on T2-weighted images and heterogeneous 
enhancement on gadolinium-enhanced T1-weighted se- 
quences further supports the malignant diagnosis (Fig. 
13.24). The sagittal projection may be helpful in determin- 
ing whether or not there is hepatic invasion. Venous exten- 
sion also can be detected. Gradient-recalled echo techniques 
are most useful for this purpose. 

Radionuclide examinations seldom are used for adrenal 
carcinoma. A cortical agent such as NP59 can detect the 
large tumor mass but does not add additional information. 


Myelolipoma 


A myelolipoma is a benign tumor composed of mature adi- 
pose cells and hematopoetic tissue. The gross appearance re- 
sembles fatty tissue but may contain patchy red areas of 
blood-forming cells. Although considered an uncommon le- 
sion, it often is recognized as an incidental finding on an ab- 
dominal CT examination. Bilateral and extraadrenal 
myelolipomas have been reported. 

The tumors are functionally inactive and usually are de- 
tected as an incidental finding. Occasionally, large tumors 
may cause pain or present with displacement of adjacent or- 
gans. Retroperitoneal hemorrhage has been reported. The 
most common age at detection is the sixth decade. There is 
no sex predilection, and both glands are equally affected. 
Although some reports suggest an association with obesity, 
hypertension, or chronic illness, this probably reflects the 
patients being studied. 


FIGURE 13.23. Adrenal carcinoma. A: A large right upper quadrant mass (C) is identified on this 
contrast-enhanced computed tomography examination. The enlarged, heterogeneous vena cava 
(arrow) is evidence of caval extension. B: A magnetic resonance image in the coronal plane clearly 
shows a tissue plane between the mass (C) and the kidney. C: The same magnetic resonance ex- 
amination demonstrates tumor extension into the inferior vena cava. 
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FIGURE 13.24. Adrenal carcinoma. A: A huge right adrenal mass 
(C) is seen on an enhanced CT examination. B: A moderate signal 
intensity of the tumor (C) is demonstrated on the T2-weighted im- 
ages. C: There is heterogenous enhancement of the tumor (C) on 


Radiology 


The plain radiograph is not helpful except in large tumors 
where the low-density fatty mass may be detected. 
Calcification may be present but is nonspecific. Similarly, 
the excretory urogram will be normal unless the kidney is 
displaced by the adrenal mass. 

Ultrasound reveals a highly echogenic mass (Fig. 13.25). If 
the tumor is 4 cm or larger, a propagation speed artifact may 
be present. This appearance is suggestive of a myelolipoma, 
however, it cannot be distinguished clearly from a retroperi- 
toneal lipoma or liposarcoma. If the tumor is small or the pa- 
tient has abundant retroperitoneal fat, the myelolipoma may 
be difficult to distinguish from perirenal fat. 

The most definitive radiographic examination is CT 
(Fig. 13.26). A fatty adrenal mass is virtually diagnostic of a 
myelolipoma. However, two cases of adrenocortical carci- 
noma and one case of metastatic adenocarcinoma contain- 
ing fat have been documented. An adrenal lipoma or li- 
posarcoma also could mimic this appearance. Unenhanced 
scans usually are adequate to make the diagnosis. Masking 
of the fat density of a myelolipoma by intravenous contrast 
injection may occur. MRI also can image myelolipomas but 
does not add to the information gained with CT. 


gadolinium-enhanced, T1-weighted images. 


Treatment of myelolipomas usually is conservative. The 
clear diagnosis of this benign lesion does not require fur- 
ther confirmation although diagnosis by fine-needle aspira- 
tion has been reported. Symptomatic lesions should be ex- 
cised. Large asymptomatic lesions sometimes are removed 
to avoid potential complications such as retroperitoneal 
hemorrhage. 


Hemorrhage 


Adrenal hemorrhage may be spontaneous, traumatic, or re- 
lated to anticoagulation. Spontaneous adrenal hemorrhage 
often occurs in patients with septicemia, hypertension, renal 
vein thrombosis, or adrenal pathology, such as a tumor. It 
more commonly involves the right than the left adrenal 
gland. 

The relatively large size of the fetal adrenal gland may 
predispose it to hemorrhage during the stress of delivery or 
the neonatal period. Adrenal hemorrhage is more common 
in the newborn than in older children or adults. It may be 
because of the trauma of delivery, asphyxia, septicemia, or 
abnormal clotting factors. It is bilateral in only about 10% 
of cases. If the hemorrhage is large, a palpable mass, anemia, 
or prolonged jaundice may occur. Adrenal insufficiency is 
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FIGURE 13.25. Myelolipoma. A: A highly echogenic adrenal mass (M) suggests a myelolipoma. 


B: Fat density was confirmed on CT. 


rare in the neonate. Hemorrhage usually) can be distin- 
guished from a tumor such as neuroblastoma and surgery 
avoided. Most adrenal hematomas will bẹ resorbed, but 
some may liquefy and persist as an adrenal pseudocyst. 

When adrenal hemorrhage occurs in th¢ older child or 
adult, it often is a result of trauma or is associated with sys- 
temic illness or anticoagulation. It has been seen with hy- 
pertension, septicemia, renal vein thrombosis, seizures, 
surgery, or treatment with ACTH, insulin, or corticos- 
teroids. When related to anticoagulation therapy, adrenal 
hemorrhage usually occurs during the first $ weeks of ther- 
apy. However, it is not because of excessive Anticoagulation, 
as associated hemorrhage does not occur in pther areas. 


FIGURE 13.26. Myelolipoma. The right adrenal mass (M) is 
largely fat density. | 


Patients with the primary antiphospholipid syndrome 
(PAPS) have an increased frequency of thrombotic events, 
including deep venous thrombosis and strokes. Adrenal 
hemorrhage may occur in these patients, presumably result- 
ing from adrenal vein thrombosis. 

Adrenal hemorrhage may occur in up to 25% of severely 
traumatized patients and approximately 20% of cases are bi- 
lateral. The right adrenal gland is involved much more com- 
monly than the left. This may be from an acute rise in ve- 
nous pressure, which is more directly transmitted to the 
right adrenal gland because the right adrenal vein enters the 
IVC directly. The hematoma usually is found in the adrenal 
medulla with stretching of the surrounding cortex. 

Most adrenal hemorrhage is clinically silent. Only rarely 
is the endocrine function of the gland sufficiently impaired 
to cause adrenal insufficiency as both glands must be af- 
fected for this to occur. 


Radiology 


A large hematoma may be seen as a soft tissue mass on the 
plain radiograph, and the ipsilateral kidney may be dis- 
placed downward. The axis of the kidney becomes more ver- 
tical and the upper pole may even be lateral to the lower 
pole. 

In children, adrenal hemorrhage usually is imaged with 
ultrasound. The echogenicity varies with the state of the 
hematoma and may be hypoechoic, mixed, or moderately 
echogenic. With lysis of the clot and liquefication of the 
hematoma, the mass becomes progressively less echogenic. 

The most common method of identifying adrenal hem- 
orrhage in the adult is CT (Fig. 13.27). Initially, the 
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FIGURE 13.27. Adrenal hemorrhage. Bilateral adrenal masses 
representing hemorrhage (H) are seen in this patient with 
meningococcemia and disseminated intravascular coagulopathy. 


hematoma has a high density, 50 to 90 HU. Follow-up 
studies usually show resorption of the hematoma and a 
gradual decrease in density to near water. In some patients, 
the etiology of a spontaneous hemorrhage can be deter- 
mined by the imaging features (Fig. 13.28). 

The MR appearance of adrenal hemorrhage reflects the 
evolution from acute to chronic stages with hemoglobin 
breakdown. A heterogeneous signal intensity is seen on T1- 
and T2-weighted images of acute hemorrhage. The signal 
intensity often is quite low on T2-weighted images because 
of the intracellular deoxyhemoglobin. After about one week, 
the ferrous hemoglobin is oxidized to ferric methemoglobin 
and the hematoma appears hyperintense on both T1- and 
T2-weighted images. If the hematoma is not resorbed, the 
image features resemble a cyst. There is no enhancement af- 
ter administration of gadolinium-DTPA, but a peripheral 
rim may enhance if a vascular fibrous capsule has formed. 


FIGURE 13.28. Hemorrhage from myelolipoma. An area of 
hemorrhage (arrow) was found six weeks after an abnormal 
computed tomography (CT) examination revealed a 
myelolipoma (Fig. 13.26). 


Cysts 


Adrenal cysts are uncommon lesions that may occur at any 
age. They involve the right and left adrenal glands equally, 
but have a 3:1 female predilection. 

Most adrenal cysts are asymptomatic and are found ei- 
ther at autopsy or as incidental findings. Large cysts may 
cause dull pain or symptoms because of compression on the 
stomach or duodenum. 

There are several recognized etiologies of adrenal cysts. 
Endothelial cysts are the most common, accounting for ap- 
proximately 45% of all adrenal cysts. They have an en- 
dothelial lining and may be lymphatic or angiomatous in 
origin. Lymphangiomatous cysts are more common and 
probably develop from blockage of a lymph duct. 

Epithelial cysts are quite uncommon, because they com- 
prise only 9% of adrenal cysts. They have a cylindrical ep- 
ithelium and include cystic adenomas. 

Parasitic cysts are the least common variety, comprising 
only 7% of the total. They are usually echinococcal in ori- 
gin and are associated with widespread disease. 

Pseudocysts are the second most common variety, as they 
comprise 39% of adrenal cysts. They are probably caused by 
adrenal hemorrhage into a normal or abnormal gland. The 
lining is not covered by epithelium. Pseudocysts are most 
commonly detected radiographically, because they tend to 
be larger than endothelial cysts. 


Radiology 


The abdominal radiograph will be revealing only if the cyst 
is calcified or very large. When present, calcification is curvi- 
linear in the cyst wall. Urography is useful to exclude a renal 
origin. 

Ultrasound demonstrates a cystic suprarenal mass (Fig. 
13.29). Unlike renal cysts, adrenal cysts often exhibit a thick 
wall. Pseudocysts also may demonstrate internal septations. 
If a soft tissue mass-like component is present, surgery may 
be required to exclude a neoplasm. 

Similar findings are detected with CT (Fig. 13.29). The 
density of the fluid can be measured, and calcification is eas- 
ier to detect with CT (Fig. 13.30) than with ultrasound. 
However, it may still be difficult to exclude malignancy. 
Cyst aspiration can be helpful if the fluid is clear and the cy- 
tology is benign. 


Hemangioma 


Adrenal hemangioma is a rare tumor of the adrenal cortex. 
Pathologically, adrenal hemangiomas are similar to heman- 
giomas of other organs. The vessels are lined with a vascular 
endothelium, and they may undergo degenerative changes 
including thrombosis, hemorrhage, and necrosis. They 
range in diameter from 2 to 22 cm. Patients have ranged 
from 25 to 79 years of age. The tumors more often involve 
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FIGURE 13.29. Adrenal cyst. A: Ultrasound demonstrates a huge cystic mass (C) above the right 
kidney. B: A water density mass (C) is confirmed on computed tomography (CT). 


the right adrenal gland and show a female preponderance. 
None of the hemangiomas reported have shown evidence of 
hyperfunction, although adrenal insufficiency has been 
seen. 

Most patients are asymptomatic, and the tumor is found 
at autopsy or as an incidental finding during evaluation for 
another process. However, a dull pain and vague upper gas- 
trointestinal tract symptoms may be present in very large le- 
sions. An abdominal mass may be seen on a plain radiograph 
or may displace the ipsilateral kidney |at urography. 
Calcification is common and may be phlebalith-like or may 
have an irregular stellate appearance. 

Ultrasound demonstrates a complex mass and may reveal 


FIGURE 13.30. Adrenal pseudocyst. This fude water density 
right adrenal mass contains calcification and several internal sep- 
tations. | 


cystic areas. The CT appearance also depends on the tumor 
morphology. Typically, a large mass with a thick irregular 
wall and hypodense center is seen. There is patchy enhance- 
ment of the peripheral zone. Calcification is easily seen with 
CT. 

The angiographic appearance of a hypovascular mass 
with contrast pooling and prolongation of the vascular stain 
is similar to hemangiomas in other organs. However, the ra- 
diographic findings often are not sufficiently characteristic, 
and surgical resection often is performed. 


Ganglioneuroma 


Ganglioneuromas are benign, nonhyperfunctioning tumors 
composed of mature ganglion cells and Schwann cells in a 
fibrous stroma. They arise from the sympathetic nervous 
system and may be found in the neck, thorax, abdomen, or 
pelvis. In one series, 19 (41%) of 46 abdominal ganglioneu- 
romas were found in the adrenal gland. Because they are not 
hormonally active, they are usually found as a large mass or 
as an incidental finding on CT or MRI examination. 

An adrenal ganglioma is seen as a well-defined rounded 
homogeneous mass with an attenuation slightly less than 
muscle on unenhanced CT images (Fig. 13.31). With the 
administration of intravascular contrast media, mild hetero- 
geneity may be seen, especially in larger tumors, but the at- 
tenuation still usually is less than muscle. 

A homogeneous tumor of relatively low signal intensity is 
seen on Tl-weighted MR images. A heterogeneous high sig- 
nal intensity has been reported on T2-weighted images. 


Metastases 


The adrenal glands are a common site of metastatic disease. 
Ina series of 1,000 consecutive postmortem examinations of 
patients with an epithelial malignancy, Abrams and col- 
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FIGURE 13.31. Ganglioneuroma. This retroperitoneal mass (G) 
was detected as an incidental finding on an enhanced computed 
tomography (CT) examination. 


leagues found 27% to have adrenal metastases. The inci- 
dence of adrenal metastases from the two most common pri- 
mary tumors was even higher. Carcinoma of the breast 
metastasized to the adrenal glands in 54% of cases, whereas 
36% of patients with lung carcinoma had adrenal metas- 
tases. 

The radiographic appearance of adrenal metastases is not 
specific. They may be large or small, unilateral, or bilateral. 
A metastasis is a solid mass, and when less than 3 cm in di- 
ameter, is usually homogeneous (Fig. 13.32). Larger lesions 
may demonstrate central necrosis (Fig. 13.33)or areas of 
hemorrhage. Thus, an adrenal metastasis cannot be distin- 
guished clearly from benign lesions such as adenomas, 
hematomas, pseudocysts, or inflammatory masses on the ba- 
sis of morphology. 


FIGURE 13.32. Adrenal metastasis. This right adrenal metastasis 
(arrow) from an underlying hepatoma is small, well defined, and 
homogeneous. 


FIGURE 13.33. Adrenal metastases. Bilateral adrenal masses are 
seen with low density central areas representing tumor necrosis. 


Distinguishing Adenoma from Metastasis 


There are several clinical settings in which it is necessary to 
distinguish a benign adrenal mass from a malignant adrenal 
mass. In patients with a known underlying malignancy, an 
adrenal mass may be a metastasis, but also could be an un- 
related benign lesion such as an adenoma. If the patient has 
other evidence of metastatic disease, the presence of an ad- 
ditional metastasis to the adrenal gland may have no effect 
on staging or treatment. In such cases, little effort should be 
spent determining the nature of the lesion. On the other 
hand, if the adrenal mass is the only evidence of metastases, 
it may be critical to confirm that it is a metastasis or to make 
a confident diagnosis of a benign etiology. 

The second clinical setting where it may be important to 
clarify the nature of an adrenal mass is the patient in whom 
the mass is detected as an incidental finding. In these pa- 
tients, the adrenal lesion most likely is benign; malignant 
etiologies would include a metastasis from an occult primary 
malignancy or a primary adrenal carcinoma. 

An adrenal mass most often is detected on a CT or MR 
examination of the abdomen. These two modalities are use- 
ful in distinguishing an adenoma from a metastases and may 
be supplemented by nuclear medicine studies or percuta- 
neous biopsy. 

Several investigators have tried to identify criteria that 
would allow the diagnosis of a benign or malignant etiology 
based on CT criteria. Features that suggest a malignant le- 
sion include a large size (greater than 3 cm), poorly defined 
margins, invasion of adjacent structures, inhomogeneous at- 
tenuation, and a thick, irregular enhancing rim. A small 
ovoid lesion with a thin rim and homogeneous density is 
more likely to be benign. However, many metastases are 
small, well-defined homogeneous masses that are indistin- 
guishable from adenomas (Fig. 13.32). Furthermore, some 


adenomas may be large and undergo central necrosis or 
hemorrhage. Thus, these morphologic critetia are not suffi- 
ciently accurate to allow a confident diagnosis. 

Adrenal cortical scintigraphy may be useful. Because be- 
nign adenomas absorb a cortical labeling agent such as 
NP59, they can be distinguished from nonadenomatous 
masses (Fig. 13.34). Absence of uptake is not specific, how- 
ever, as cysts, hematomas, and inflammatory masses will not 
take up the radionuclide. Thus, these benign masses cannot 
be distinguished from a metastasis with this examination. 

Francis and coworkers applied NP59 scintigraphy to 28 
oncologic patients who had a unilateral adrenal mass. Each 
of 14 patients with increased radionuclide uptake had an 


adenoma. None of the 11 patients with deceased uptake on 
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the side of the mass had an adenoma; nine had metastases 
and two had cysts. Uptake was indeterminate in three pa- 
tients. 

Nuclear medicine techniques also can take advantage of 
differences in metabolic activity. Because malignant cells use 
more glucose than benign tissue, adrenal metastases would 
be expected to have increased uptake of the radiotracer 2- 
[fluorine-18]-fluoro-2-deoxy-D-glucose (FDG) compared 
with adenomas. Boland and colleagues recently demon- 
strated that PET, with FDG, accurately categorized 14 ma- 
lignant and 10 benign adrenal masses. Despite these en- 
couraging results, adrenal scintigraphy is not used widely to 
distinguish benign from malignant adrenal masses. 

One of the features that distinguishes an adrenal ade- 


FIGURE. 13.34. Adrenal adenoma. A: An unenhanced computed tomography (CT) examination 
demonstrates a low-density [—5 Hounsfield units (HU)] mass in the left adrenal gland (arrow). B: 
After intravenous contrast injection, the density of the mass rises to 77 HU. C: A delayed image 
reveals contrast washout and a density of 15 HU. D: The radionuclide uptake (arrow) is concor- 
dant with the adrenal mass, indicating it is an adenoma. 
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noma from a metastasis is that the majority (approximately 
80%) of adenomas contain abundant cytoplasmic lipid, 
while metastases do not. Thus, the detection of lipid in an 
adrenal mass allows a confident diagnosis of an adenoma, 
and further diagnostic testing is unnecessary. The absence of 
lipid does not have the same diagnostic accuracy as some 
adrenal adenomas are lipid-poor and cannot be distin- 
guished from other benign lesions or metastases, which do 
not contain demonstrable amounts of lipid. 

Lipid may be detected either by a low attenuation value 
on an unenhanced CT examination (Fig. 13.34) or by MR 
using chemical-shift imaging. There have been several re- 
ports confirming the accuracy of unenhanced CT to cor- 
rectly diagnose an adrenal adenoma. 

A recent analysis of published reports found that with a 
threshold of 10 HU, the sensitivity and specificity for a di- 
agnosis of adenoma were 71% and 98%, respectively. 
Lowering the threshold increases the specificity but at a sig- 
nificant decrease in sensitivity. Raising the threshold in- 
creases the sensitivity but diminishes the specificity. It prob- 
ably is more important to maintain a very high specificity at 
the cost of sensitivity, as a false negative diagnosis of ade- 
noma results in an unnecessary biopsy while a false positive 
diagnosis may place the patient in the wrong treatment pro- 
tocol. 

Many oncology patients are monitored with abdominal 
CT examinations and the adrenal mass may be detected on 
a contrast-enhanced examination. The issue then becomes 
how long must we wait to allow the contrast to be washed 
out before the density measurement may be used to distin- 
guish an adenoma from a nonadenoma. Recent reports sug- 


gest that this may be done 15 minutes after intravenous con- 
trast administration (Fig. 13.34) and possibly as early as 10 
minutes. Furthermore, “washout curves” may be calculated 
and the percent decrease in attenuation used to determine 
the etiology of the mass. 

The “washout curves” may be useful in distinguishing 
lipid-poor adenomas from metastases. Early experience sug- 
gests that these lipid-poor adenomas have a washout curve 
similar to lipid-rich adenomas, and that both groups lose 
contrast much faster than metastases. 

The most accurate of the MR techniques for distinguish- 
ing an adenoma from a metastasis is chemical-shift imaging. 
Because protons in water precess at different frequencies 
than those in triglyceride when exposed to a magnetic field, 
even small quantities of lipid can be detected (Fig. 13.35). 
Chemical-shift imaging was used to demonstrate the pres- 
ence of lipid in 26 of 27 adenomas and in none of 12 metas- 
tases studied by Mitchell and associates in 1992. These ex- 
cellent results have been confirmed by several investigators. 

Percutaneous aspiration biopsy is the most definitive 
method of confirming metastatic disease and may be per- 
formed with either CT or ultrasound guidance (Fig. 13.36). 
With experienced cytopathologists, the positive predictive 
value approaches 100%. A negative aspiration is not as di- 
agnostic, because sampling error or an inadequate specimen 
may preclude a confident diagnosis. The overall accuracy re- 
ported for percutaneous adrenal biopsy ranges from 80% to 
100%. The results vary with the patient population and the 
types of lesions aspirated. Positive results indicate malig- 
nancy. Negative aspirations can be repeated to increase the 
confidence that the lesion is benign. 


FIGURE 13.35. Benign adenoma. A: An in-phase gradient-recalled echo (GRE) image shows a left 
adrenal mass that is isointense to paraspinal muscles. B: The mass becomes hypointense to the 
paraspinal muscles on opposed-phase GRE images. (From Korobkin M, Lombardi TJ, Aisen AM, et 
al. Characterization of adrenal masses with chemical shift and gadolinium-enhanced MR imaging. 


Radiology 1995;197:411-418, with permission.) 


FIGURE 13.36. Adrenal biopsy. Ultrasound is ii to guide the 
biopsy needle into the adrenal mass. 


Welch and colleagues reported their 10-year experience 
with 277 percutaneous adrenal biopsies. The overall accu- 
racy improved from 85% in the first 5 yearş to 93% in the 
last 5 years. Their sensitivity was 81%, specificity 99%, pos- 
itive predictive value 99%, and negative predictive value 

80%. Thus, a positive biopsy is almost certainly metastatic 
tumor. A negative biopsy is much more reliable if normal 
adrenal cortical cells are present in the specimen. 

Adrenal biopsy is an invasive procedure, and complica- 
tions may occur. The most common complication is 
pneumothorax. These pneumothoraces usally are small 
and resolve spontaneously. Large or | symptomatic 
pneumothoraces should be treated with a small chest tube 
that can be placed by the radiologist under fluoroscopic 
guidance. Tumor seeding of the needle tract and bacteremia 
are rare. Right adrenal masses may be approached posteri- 
orly or through the liver (Fig. 13.37). Left adrenal masses 
should be aspirated from a posterior approach. When 
biopsy of the left adrenal gland is attempted from an ante- 
rior approach, pancreatitis may occur and dan be a serious 
complication. Thus, the pancreas should be avoided if pos- 
sible. Many patients will have a small amount of bleeding 
but this is seldom symptomatic. Welch and colleagues re- 
ported complications in eight (2.8%) of their 277 adrenal 
biopsies. | 

The most worrisome complication of percutaneous nee- 
dle biopsy of an adrenal mass is precipitation of a hyperten- 
sive crisis by a pheochromocytoma. This complication may 
be fatal despite regaining control of the blood pressure. 
Screening catecholamines may be useful in hypertensive 
patients, but may not be elevated in a nonfunctioning 
pheochromocytoma. 


FIGURE 13.37. Adrenal biopsy. Computed tomography is the 
most useful modality for directing percutaneous adrenal biop- 
sies, particularly for small tumors. (From Dunnick NR. The adrenal 
gland. In: Tavaras JM, Ferrucci JT, eds. Radiology: Diagnosis, 
Imaging, Intervention. Philadelphia: JB Lippincott, 1991, with 
permission.) 
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Lymphoma 


Involvement of the adrenal gland by malignant lymphoma 
is more common in patients with non-Hodgkin’s lym- 
phoma than in those with Hodgkin’s disease. Most patients 
have a diffuse rather than a nodular form of lymphoma. In 
a review of 173 patients with non-Hodgkin’s lymphoma, 
Paling and Williamson, using CT, found evidence of 
adrenal involvement in seven (4%) patients during some 
portion of the course of their disease. 

The adrenal glands seldom are an isolated site of disease, 
although other involvement may be distant. In most pa- 
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FIGURE 13.38. Lymphoma. The bilateral homogeneous adrenal 
masses (L) are consistent with lymphoma. 


tients, however, retroperitoneal lymphoma also is present. 
Bilateral adrenal involvement is seen in approximately 50% 
of cases. Even with extensive disease, adrenal insufficiency is 
rare. The modalities in which adrenal lymphoma can be 
identified are ultrasound, CT, and MRI. On ultrasound, 
lymphoma appears as a well-defined, relatively echopenic ho- 
mogeneous tissue mass. If extensive retroperitoneal disease is 
present, it may be difficult to identify the adrenal glands. 

CT provides the best morphologic delineation. The 
adrenal glands are enlarged with a rounded mass (Fig. 
13.38) or more symmetric enlargement, preserving the ba- 
sic glandular configuration (Fig. 13.39). The tissue usually 
is homogeneous and demonstrates contrast enhancement. 
There is, however, no pathognomonic pattern to indicate 
lymphomatous involvement. 


Pseudotumors 


Retroperitoneal fat provides the contrast needed to demon- 
strate the adrenal glands. When there is a paucity of fat in 


FIGURE 13.40. Adrenal pseudotumor. Gastric varices (V) may 
mimic an adrenal mass but can be differentiated by their serpen- 
tine configuration and vascular enhancement. 


the perirenal space, the adrenal glands are difficult to evalu- 
ate. Furthermore, large masses may compress the normal 
adrenal gland such that it is impossible to determine its or- 
gan of origin. 

A number of abnormalities in the upper abdomen may 
simulate an adrenal mass. In addition to creating diagnostic 
confusion, percutaneous biopsy may be attempted. An ap- 
preciation of some of the etiologies of an adrenal pseudotu- 
mor may help avoid these pitfalls. 

Lesions that may simulate an adrenal mass on either side 
include exophytic renal masses. A right-sided adrenal mass 
may be mimicked by a hepatic mass, interposition of the 
colon into the hepatorenal recess, or a dilated IVC. 

Left-sided adrenal pseudotumors are more common. 
They include splenic lobulations, an accessory spleen, 
varices (Fig. 13.40), tortuous splenic vessels, and a splenic 
artery aneurysm. The tail of the pancreas may extend to the 


FIGURE 13.39. Lymphoma. There is diffuse involvement of the 


retroperitoneum and both adrenal glands by low-density tissue. 


FIGURE 13.41. Pseudotumor. A mass (arrow) is seen in the re- 
gion of the left adrenal gland. Subsequent barium study demon- 
strated this to be a gastric diverticulum. 


adrenal area and mimic a left adrenal lesion. While the 
stomach should be distinguished clearly by oral contrast 
medium, a gastric diverticulum may present a diagnostic 
problem (Fig. 13.41). 

Careful attention to the adrenal glands and the use of oral 
contrast medium should distinguish most confusing struc- 
tures. A bolus injection of intravenous contrast material 
should further delineate vascular structures. Repeat sections 
with narrow collimation also may help to elucidate the true 
nature of these lesions. If the diagnosis is still in doubt, how- 
ever, an additional study such as ultrasound or MRI may be 
needed for a confident diagnosis. 
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THE RETROPERITONEUM 


FLUID COLLECTIONS 
Hemorrhage 

Urinoma 

Abscess 

Lymphocele 

Pelvic fluid collections 


CHYLURIA 
RETROPERITONEAL FIBROSIS 
LYMPHADENOPATHY 


PRIMARY RETROPERITONEAL TUMORS 


The evolution of cross-sectional imaging techniques in the 
past quarter century has clearly delineated the several spaces 
and potential spaces that compose the retroperitoneum. The 
reader is referred to the chapter on anatomy for a discussion 
of these compartmental boundaries and to the appropriate 
chapters for discussions of primary diseases of the organs in 
the retroperitoneum, including the adrenal glands, kidneys, 
and ureters. The subject of this chapter is those other con- 
ditions, which involve the urinary tract by invading, sur- 
rounding, displacing or otherwise involving its various 
parts. These processes include fluid collections, retroperi- 
toneal fibrosis, lymphadenopathy, primary retroperitoneal 
tumors, and chyluria. 


FLUID COLLECTIONS 


Fluid collections that can occur in the retroperitoneum in- 
clude hemorrhage, urinomas, lymphoceles, and abscesses. 


SPONTANEOUS RETROPERITONEAL 
HEMORRHAGE 


m Anterior pararenal space 
m Hemorrhagic pancreatitis 
m Perirenal space 

m Aortic aneurysm 

m Renal cell carcinoma 
m Angiomyolipoma 

m Polyarteritis nodosa 

m Posterior pararenal space 
m Anticoagulation 


Hemorrhage 


The most common nontraumatic cause of retroperitoneal 
hemorrhage is rupture of an abdominal aortic aneurysm. 
Other sources of bleeding include diseases of the kidney or 
adrenal gland. Retroperitoneal hemorrhage can be massive 
and life threatening, often without significant symptoma- 
tology until late in its course. Therefore, a high index of sus- 
picion is necessary to enable diagnosis of the condition and 
the source of bleeding. 

Abdominal aortic aneurysm, defined as an aortic diame- 
ter greater than 3 cm, may result in catastrophic hemor- 
rhage. When less than 5 cm in diameter, an aneurysm has 
approximately a 5% chance of rupturing while the risk in- 
creases to over 75% with aneurysms more than 7 cm in di- 
ameter. Aneurysmal dilation involves all layers of the aortic 
wall, including intima, media, and adventitia. A pseudoa- 
neurysm, on the other hand, results from a prior perforation 
of the aorta with subsequent resolution of the hematoma 
and formation of a cavity that is lined by adventitia only. 
Men are diagnosed with abdominal aortic aneurysms far 
more commonly than women. Most aneurysms are 
atherosclerotic in origin, but on rare occasions can be sec- 
ondary to prior trauma, syphilis, mycotic infection, or may 
occur in association with Marfan’s syndrome. On occasion, 
an inflammatory cuff of tissue (perianeurysmal fibrosis) can 
surround the aneurysm and may be difficult to differentiate 
from leakage of blood. Perianeurysmal fibrosis can envelop 
and obstruct one or both ureters, and is considered a variant 
of retroperitoneal fibrosis. 

Several imaging techniques are useful in evaluating aortic 
aneurysms. Wall calcifications can be seen on plain films of 
the abdomen in up to 85% of cases. Sonography is a widely 
accepted modality for both screening patients for suspected 
aneurysms and for follow-up of aneurysmal growth when 


initial treatment is conservative. The aorta is seen as a tubu- 
lar, echo-free structure in the left prevertebral area in both 
longitudinal and transverse views. Moderately echogenic 
soft tissue within the lumen is an indicator of intraluminal 
thrombus. The inability of sonography to consistently 
demonstrate the cephalad extent of an aneurysm in relation 
to the renal arteries is its major weakness. | 

Computed tomography (CT) and magnetic resonance 
imaging (MRI) both are highly capable modalities for eval- 
uating aortic aneurysms (Fig. 14.1). This evaluation should 
include the craniocaudad extent of the lesion, involvement 
of the renal arteries or extension into the common iliac ar- 
teries, maximum diameter of the aneurysm, the presence or 
absence of intraluminal thrombus, and any indication of 
leakage (Fig. 14.2). Three-dimensional reconstructions of 
CT and MR images are currently rivaling angiography for 
evaluating involvement of visceral branches of the aorta. 

Following aortic aneurysm, the most common cause of 
retroperitoneal hemorrhage is disease of the adrenal glands 
or kidneys. While the term spontaneous implies the lack of 
observable injury, in many instances it is likely that the pa- 
tient has had mild unrecognized trauma, such as bumping 
against a countertop. 

Both primary and metastatic adrenal tumors can hemor- 
rhage spontaneously. Other adrenal lesions that may bleed 
are cysts and abscesses. In patients with severe stress, hem- 
orrhagic diathesis, or coagulopathy, the adrenals can hem- 
orrhage even though there is no predisposing lesion. 

In the kidneys, renal artery aneurysm and renal neoplasm 
are the most common causes of unprovoked bleeding. 
While bleeding from virtually all renal neoplasms has been 
reported, hemorrhage usually is a result of tenal cell carci- 
noma or angiomyolipoma. Though angiomyolipomas tend 


FIGURE 14.1. Abdominal aortic aneurysm. An 8.0-cm aneurysm 
is demonstrated clearly on this enhanced abdominal computed 
tomography (CT) examination. 
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FIGURE 14.2. Hemorrhage from aortic aneurysm. High-density 
blood is seen adjacent to a large abdominal aortic aneurysm. 


to be larger than 4 cm at the time they hemorrhage, renal 
cell carcinoma may be quite small, and often peripherally lo- 
cated. In these latter cases, detection of the primary lesion 
often is difficult. Ifno etiology for the hemorrhage is seen on 
an enhanced CT examination of the kidneys, the exam 
should be repeated after the hematoma has resorbed in or- 
der to avoid missing a renal carcinoma. 

Multiple other types of renal lesions can hemorrhage 
spontaneously, including polyarteritis nodosa, inflamma- 
tory lesions, arteriovenous malformation, hydronephrosis 
(congenital ureteropelvic junction obstruction), and rupture 
of a renal cyst or even a vessel in the wall of a simple cyst 
(Fig. 14.3). In some cases, retroperitoneal hemorrhage may 
be idiopathic. The reported incidence where no etiology can 
be found ranges from 4% to 15%. 

Most instances of retroperitoneal hemorrhage, whether 
from an aortic aneurysm or lesion of the kidney or adrenal 
gland, occur into the perinephric space. Hemorrhage con- 
fined to the anterior pararenal space can be from hemor- 
rhagic pancreatitis (Fig. 14.4) or trauma to the duodenum 
or pancreas. Isolated hemorrhage into the posterior 
pararenal space, which contains only fat and vessels, usually 
occurs in patients on anticoagulant therapy (Fig. 14.5). 

CT is the modality of choice for evaluating patients with 
a suspected retroperitoneal bleed. Not only is CT highly 
sensitive in detecting the hemorrhage, but it provides a clear 
delineation of the extent and location of the hemorrhage. 
Acute hemorrhage is seen as an accumulation with an atten- 
uation measuring 40 to 60 Hounsfield units (HU). If the 
hematoma is stable and treated conservatively, follow-up 
CT will show a decreasing attenuation of the hematoma 
over time, approaching water density during the final stages 
of resolution. When studied by MRI, acute hematomas gen- 
erally exhibit low to medium signal intensity on T1- 
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FIGURE 14.3. Perinephric hematoma. A large, high-density fluid 
collection extends from the right kidney into the perinephric 
space. 


weighted images, becoming brighter on T2-weighted im- 
ages. As the hematoma ages, the periphery increases in sig- 
nal intensity on Tl-weighted images, and in the chronic 
phase there is a uniform high intensity on both T1 and T2 
images. 


Urinoma 


A urinoma is a mass formed by encapsulated extravasated 
urine. It may be subcapsular in location (Fig. 14.6), con- 
fined to the perirenal space (extracapsular), or may tran- 
scend fascial boundaries and track into the peritoneal cavity 


FIGURE 14.4. Hemorrhage in the anterior pararenal space from 
hemorrhagic pancreatitis. The superior mesenteric artery (open 
arrow) is seen clearly. The perirenal spaces are clear indicating that 
the anterior perirenal fascia (black arrows) is intact. c, inferior 
vena cava. a, aorta. sma (open arrow), superior mesenteric artery. 


FIGURE 14.5. Posterior pararenal hematoma. Hemorrhage in 
the posterior pararenal space is causing anterior displacement of 
the right kidney. 


(urinary ascites). Urinomas most typically occur following 
renal injury, and when subcapsular, may compress the renal 
parenchyma, activate the renin system, and result in signifi- 
cant hypertension; this is known as the Page kidney (see 
Chapter 10). 

Other etiologies of urine extravasation include surgery 
and spontaneous extravasation of urine secondary to ob- 
struction. Postoperative urine leak usually is recognized and 
resolves with appropriate drainage or stenting until healing 
is complete. Pyelosinus extravasation of urine associated 
with obstruction also usually resolves with treatment of the 
obstructive process. In these cases, urine leaks from a ca- 
lyceal fornix into the renal sinus, and tracks along the renal 
hilum and ureter into the lower cone of the perinephric 
space. Leakage of uninfected urine is seldom of concern, and 
occasionally is seen in acute obstruction secondary to 
ureteral calculi. If infected, extravasated urine may lead to 
abscess formation, and should be treated with antibiotics. 

Clinical features of urinoma, aside from hypertension in 
the rare case of Page kidney, include malaise, vague abdom- 
inal pain, weight loss, and a palpable mass. When untreated, 
the extravasated urine stimulates an intense fibrous reaction 
that results in a thick-walled collection. Alternatively, urine 
in the retroperitoneum may result in retroperitoneal fibrosis 
as opposed to the more typical encapsulated collection. 
Therefore, early diagnosis and treatment is essential. 

As with hemorrhage, urine collections typically confine 
themselves to the various compartments as described in the 
previous paragraph, and can be localized with cross-sec- 
tional imaging techniques such as CT and MRI. Uninfected 
urinomas demonstrate water attenuation on CT and the sig- 
nal characteristics of water on MRI. With an acute leak of 
urine from the collecting system or bladder, contrast studies 
such as CT, excretory urography (IVP), or cystography may 
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FIGURE 14.6. Urinoma after trauma. A: Arteriogram shows a large, avascular mass in the upper 
pole of the left kidney. The capsular artery seen stretched superiorly (arrows) indicates that this is 
a subcapsular lesion. B: Computed tomography (CT) shows a large, fluid-attenuation mass [16 


Hounsfield units (HU)]. 


demonstrate contrast in the urine collection that clearly is 
outside the confines of the urinary tract. 


Abscess 


Nonspecific symptoms such as nausea, vomiting, weight 
loss, fever, and anorexia may herald the onset of a retroperi- 
toneal abscess. On occasion, there may be pain localized to 
the area of the abscess, or if the abscess is adjacent to or in- 
volves the psoas muscle (Fig. 14.7), the patient may com- 
plain of pain referred to the ipsilateral hip chat is exacerbated 
by extension or rotation of the thigh. 

Over 50% of retroperitoneal abscesses occur in the ante- 
rior pararenal space and are associated with pancreatitis. 
Those in the perirenal space almost always are associated 
with a urinary tract infection. Osteomyelitis of the adjacent 
spine or ribs is the most likely cause of an abscess in the pos- 
terior pararenal space. 

Radiographically, abscesses are seen as a thick-walled 
fluid collection. Internal echoes or an attehuation greater 
than water are a result of cellular debris within the abscess. 
Gas is seen in only a minority of abscesses but suggests in- 
fection. Inflammatory changes often are seen adjacent to the 
abscess. 

As with retroperitoneal hemorrhage, CT is an ideal 
modality for detecting retroperitoneal abscesses and defin- 
ing their extent. The purulent fluid in an abscess usually ex- 
hibits an attenuation slightly higher than water. Once the 
diagnosis has been made, CT or ultrasonography (US) may 


be used for guiding diagnostic needle aspiration and place- 
ment of a drainage catheter percutaneously. 

When studied by MRI, the signal intensity of abscess 
fluid is variable and dependent on the protein content of 
the fluid as well as the amount of debris present. On T1- 
weighted images, purulent fluid generally has a low signal 
intensity, becoming bright on T2-weighted images. 


Lymphocele 


Typically occurring as a complication of pelvic or retroperi- 
toneal surgery (lymphadenectomy or renal transplantation), 


= 


FIGURE 14.7. Psoas abscess. A fluid collection is identified by its 
low density within the left psoas muscle. 
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lymphoceles are discrete collections of chylous fluid. They 
usually occur because of inadequate ligation of disrupted 
lymphatic vessels. Typically presenting several weeks after 
surgery, they have been reported as occurring from as early 
as several days to as late as years after surgery. When quite 
large, lymphoceles may cause venous obstruction and resul- 
tant edema of the lower body. Further, they may result in 
painful abdominal distention and obstruction of the ureters. 
When imaged, lymphoceles may be difficult to distinguish 
from other retroperitoneal fluid collections. 

Ultrasound evaluation of a lymphocele typically reveals a 
fluid-filled mass with absent or faint echoes, though signifi- 
cant septations (Fig. 14.8) and dependent debris may be 
present. Unfortunately, these findings also occur in abscess 
or resolving hematoma, but the clinical history should be 
useful in deriving the correct diagnosis. CT may be more 
definitive, with negative attenuation values of the fluid col- 
lection suggesting the fatty composition of chyle. Large lym- 
phoceles can be treated using percutaneous catheter 
drainage, though recurrence is common. Small lymphoceles 
may respond to simple needle aspiration or spontaneously 
resolve. 


Pelvic Fluid Collections 


Fluid collections in the pelvis may be intraperitoneal or may 
lie in the prevesical extraperitoneal compartment. The pre- 
vesical space is directly contiguous with the retroperitoneal 
compartment below the cone of renal fascia. Fluid in the 
prevesical extraperitoneal space typically has a “molar tooth” 


FIGURE 14.8. Lymphocele. Ultrasound shows a typical internal 
septation within a fluid collection. 


FIGURE 14.9. “Molar tooth” configuration of fluid collection in 
the prevesical extraperitoneal space. The fluid collection com- 
pressing the bladder (BL) is outlined in black. 


configuration on CT (Fig. 14.9) or axial MRI images. The 
“crown” portion of the “tooth” lies anterior to the urinary 
bladder, while the “roots” of the tooth extend posteriorly on 
either side of the bladder. These roots are frequently asym- 
metric, resulting in bladder displacement away from the 
midline by large extraperitoneal pelvic fluid collections. 


CHYLURIA 


Chyluria is defined as the voiding of “white urine.” The 
opacity of this urine is a result of chylous material. This con- 
dition results from abnormal retrograde flow of lymph into, 
rather than away from, the kidney. The most common eti- 
ology is filariasis. Distinctly uncommon in the United 
States, filariasis is endemic in India, Southeast Asia, and var- 
ious areas of Africa and South America. Filariasis produces 
tropical chyuria, as opposed to the nontropical variety, 
which has a variety of causes, including retroperitoneal ma- 
lignancy or infection, trauma, surgery, tuberculosis, and 
lymphangiomyomatosis. The common pathology in both 
tropical and nontropical varieties of chyluria is obstruction 
of the retroperitoneal lymphatics with subsequent develop- 
ment of retrograde collateral flow of lymph into the kidney. 
Symptoms other than the passage of a milky white urine in- 
clude nonspecific back pain and irratative voiding symp- 
toms. Inspection of the urine, which also can be cloudy 
white in patients with severe pyuria, reveals an absence of in- 
flammatory cells. Upon standing, fatty material in chylous 
urine rises to the top. 

On radiographic examination, the plain film and excre- 
tory urogram typically are normal. Lymphangiography re- 
mains useful for evaluating patients with chyluria as it can 
demonstrate the site of communication between the 
retroperitoneal and renal lymphatics. The typical findings 


are an increase in the number, size, and tortuosity of 
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FIGURE 14.10. Chyluria. A; Pedal lymphangiogram reveals a paucity of nodes in the retroperi- 
toneum and retrograde flow of lymph into the region of the left kidney. B: Noncontrast com- 
puted tomography (CT) through the kidneys shows the communication of the lymphatics from the 
retroperitoneum into the renal parenchyma in the region of the calyces. 


retroperitoneal lymphatic vessels. The retroperitoneal 
lymph nodes are not opacified as they have heen replaced by 
fibrosis, tumor, granulation tissue, or, in the case of lym- 
phangiomyomatosis, muscle tissue. Unilateral or bilateral 
retrograde flow of contrast into the renal lymphatic vessels 
confirms the diagnosis (Fig. 14.10). Delayed films will show 
opacification of the small lymphatic vessels surrounding the 
intrarenal collecting system and eventual communication 
with the collecting system in the region of the minor calyces. 
Lymphangiographic contrast then can be found in the renal 
pelvis, ureter, and bladder. 

Recently, lymphoscintigraphy has been able to demon- 
strate the retrograde flow of chyle to the kidneys in patients 
with filariasis. This technique can delineate the pattern of 
lymphatic drainage by whole body scanning 10 to 30 min- 
utes after injection of various radiopharmaceuticals subcuta- 
neously into the first and second interdigital spaces of both 
feet. 99Tc-labelled sulfur microcolloid, antimony sulfide 
colloid, stannous phytate, rhenium sulfur colloid, human 
serum albumin, and dextran have all been shown to be ef- 
fective agents for this procedure, and produce no reported 
side effects. 


RETROPERITONEAL FIBROSIS 


Retroperitoneal fibrosis is a proliferation of fibrotic tissue in 
the retroperitoneum, which typically becomes clinically sig- 


nificant when it entraps and obstructs one or both ureters. 
While about two-thirds of cases are considered idiopathic 
(Ormand’s disease), there are multiple causes of this condi- 
tion (Table 14.1). Benign etiologies include an adverse re- 
sponse to various pharmaceutical agents, previous radiation 
therapy or surgery, and the inflammatory effect of retroperi- 
toneal fluid collections. Various neoplasms can metastasize 
to the retroperitoneum and incite a desmoplastic fibrotic re- 
sponse. This process differs from obstruction of the ureter 
by discrete lymphadenopathy. Tumors associated with 
retroperitoneal fibrosis include Hodgkin’s disease and other 
lymphomas, certain sarcomas, and anaplastic carcinomas of 


TABLE 14.1. CLASSIFICATION OF 
RETROPERITONEAL FIBROSIS 


Idiopathic (Ormands Disease) 


Acquired (Benign) Acquired (Malignant) 


Medications Desmoplastic reaction to 
methysergide, ergotamine, various metastatic 
methyldopa tumors 
Retroperitoneal fluid lymphoma 


blood, urine, contrast 
medium 
Inflammatory disease 
kidneys, pancreas, GI tract 
Surgery 
Radiation therapy 


some sarcomas 

carcinoma (breast, lung, 
stomach, colon, kidney, 
prostate) 
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the breast, stomach, colon, prostate, kidney, and lung. 
Grossly and radiographically, the findings often are identi- 
cal in both benign and malignant retroperitoneal fibrosis, 
though a lobulated contour, ill-defined borders of the 
plaque, or displacement of the great vessels away from the 
spine suggest a malignant process (Fig. 14.11). 

Retroperitoneal fibrosis can be found anywhere from the 
neck to the deep pelvis, but is most frequently localized in 
the region of the lower abdominal aorta and common iliac 
arteries. Grossly, retroperitoneal fibrosis is seen as a gray- 
white, reasonably well-delineated plaque of fibrous tissue 
with an unyielding consistency. This plaque can extend lat- 
erally beyond the confines of the psoas muscles, with 
ureteral entrapment occurring during this lateral growth of 
the plaque. 

Clinically, retroperitoneal fibrosis most commonly is 
seen in men who are middle aged or older. Ill-defined back 
or abdominal pain can occur, as can flank pain, which sig- 
nals ureteral obstruction. If growth is slow, pain may be 
minimal or absent and ureteral obstruction discovered only 
during a workup for progressive renal failure. 

There are no plain film findings suggestive of the disease. 
Typical urographic findings are varying degrees of obstruc- 
tion of one or both ureters. When ureteral involvement is 
seen, it is bilateral in about half the cases. The degree of 
proximal obstruction depends on the duration and extent of 
ureteral entrapment by the fibrous plaque. While the entire 
ureter may be involved, there usually is narrowing of a short 
segment of ureter at or below the iliac crest. The literature 


has previously described medial deviation of the ureters in 
the region of the plaque. However, more recent publications 
indicate that there is seldom significant deviation of the 
ureters. Retrograde studies show a smoothly tapered nar- 
rowing of the ureter(s) in the region of entrapment (Fig. 
14,12). When both ureters are involved, asymmetric ob- 
struction may be seen. 

Sonography of retroperitoneal fibrosis demonstrates a 
relatively echo-poor, well-demarcated plaque of tissue ante- 
rior to the sacral promentory. CT and MRI, however, are 
the more definitive modalities for evaluating this disease. 
On CT, the fibrotic plaque envelops, but does not displace, 
the aorta, inferior vena cava (IVC), and perhaps also the 
ureters (Fig. 14.13). The unenhanced attenuation value of 
the plaque usually is 30 to 50 HU. The plaque may enhance 
following intravenous contrast administration, though this 
is a nonspecific finding that can be seen in both the early 
inflammatory phase of benign disease as well as in malignant 
retroperitoneal fibrosis. The mature fibrotic plaque in the 
benign variety typically enhances little, if at all. 

MRI provides information similar to that of CT. It has 
been reported that malignant retroperitoneal fibrosis ex- 
hibits a high signal intensity on T2-weighted images while 
the nonmalignant variety exhibits low signal intensity (Fig. 
14.14), However, as with enhancement following IV con- 
trast on CT, the early inflammatory phase of benign 
retroperitoneal fibrosis also may show high signal intensity 
on T2-weighted images and these features cannot be relied 
upon to differentiate malignant from benign fibrosis. 


FIGURE 14.11. Diagram of various presacral processes. 
A: Benign retroperitoneal fibrosis. Note the smooth, fi- 
brotic plaque enveloping the great vessels without ele- 
vating them from the spine. B: Malignant retroperi- 
toneal fibrosis. Irregular soft-tissue plaque surrounding 
the great vessels and extending into the psoas muscles. 
Again, the vessels are not elevated from the spine. C: 
Confluent lymphadenopathy. Multiple confluent lymph 
nodes surrounding and encasing the great vessels. Note 
that the vessels are elevated away from the anterior sur- 
face of the spine. D: Perianeurysmal fibrosis. A fibrous 
soft-tissue plaque surrounds an aortic aneurysm. This is 
known as perianeurysmal fibrosis and can obstruct one 
or both ureters. 


FIGURE 14.12. Retroperitoneal fibrosis. Retrograde ureteropy- 
elogram shows smooth narrowing of the ureter at the level of L5- 
$1, causing mild hydronephrosis. 


Differentiating retroperitoneal fibrosis from lym- 
phadenopathy occasionally may be difficult, though it has 


been reported that retroperitoneal fibrosis does not anteri- 
orly displace the great vessels away from the spine while this 
finding often is seen with node masses (Fig. 14.13). In pa- 
tients without a known primary neoplasm, biopsy of the 
plaque may be necessary in order to establish the true nature 
of the fibrotic process. Fine needle biopsy usually is not ad- 
equate to establish the diagnosis, as neoplastic cells in the 
malignant variety of retroperitoneal fibrosis can be widely 
scattered throughout the fibrotic plaque. 
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FIGURE 14.13. Retroperitoneal fibrosis. A smooth soft-tissue 
mantle envelops the great vessels. Note mild left hydronephrosis. 


Retroperitoneal fibrosis secondary to drugs has been 
known to regress following cessation of drug therapy. In 
some cases of benign disease, steroids have been effective in 
bringing about a remission. Otherwise, freeing of the ureters 
from the fibrotic mass (ureterolysis) may be necessary to re- 
lieve the progressive ureteral obstruction. This usually is ac- 
companied by bringing the ureters into the peritoneal cavity 
and wrapping them with omentum to prevent recurrent en- 
trapment. 


LYMPHADENOPATHY 


CRITERIA FOR ENLARGED LYMPH NODES 


m Retrocrural space 

>6 mm 
m Retroperitoneum 

>10 mm 

multiple 8-10 mm nodes 
m Pelvis 


FIGURE 14.14. Benign retroperitoneal fibrosis. A: T1-weighted magnetic resonance imaging 
(MRI) shows a relatively low signal soft-tissue mass surrounding the great vessels at approximately 
the level of L5. B: T2-weighted MRI shows a persistently low signal of the plaque, indicating be- 
nignity. Note that the great vessels are not elevated away from the spine. 
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The lymphatic system consists of lymph nodes connected 
by lymphatic channels, and serves to return interstitial fluid 
to the vascular circulatory system. The adult contains about 
400 to 500 lymph nodes, and approximately half of these lie 
in the abdomen and pelvis. Using cross-sectional imaging 
techniques, the criterion used to determine if a lymph node 
is abnormal is enlarged size. Metastatic foci within normal 
size nodes sometimes can be detected using lymphangiogra- 
phy or various scintigraphic techniques. 

Retrocrural lymph nodes should not exceed 6 mm in di- 
ameter, while retroperitoneal nodes greater than 10 mm in 
diameter are considered abnormal. However, multiple 
retroperitoneal nodes of slightly smaller size (8 to 10 mm) 
should raise concern for a malignant process. Generally 
speaking, pelvic nodes are considered positive when they ex- 
ceed 13 mm in diameter. However, one study found that 
fewer than 2% of normal pelvic nodes had a maximum 
short-axis diameter greater than 10 mm. 

Each organ has a clearly defined pattern of lymphatic 
drainage, allowing iden:ification of lymph node groups with 
the earliest involvement by nodal metastases (Fig. 14.15). 
The pelvic organs typically drain into the internal and ex- 
ternal iliac node chains, and then cephalad into the com- 
mon iliac nodes followed by the node groups around the 
aorta and IVC. Notable exceptions are tumors of the ovary 
and testes, which follow the gonadal vasculature skipping 
the pelvis and draining into ipsilateral retroperitoneal nodes 
in the region of the renal vessels (Fig. 14.16). Tumors oc- 
curring de novo or in other retroperitoneal structures drain 
into the regional retroperitoneal nodes along the aorta and 


FIGURE 14.15. Metastasis. A low-density mass adjacent to the 
aorta and just inferior to the left renal vein is the classic appear- 
ance of a lymph node metastasis from a left testicular carcinoma. 


FIGURE 14.16. Diagram indicating route of nodal drainage for 
gonadal, pelvic, and retroperitoneal tumors. 


IVC. Generally speaking, there is an orderly proximal pro- 
gression of metastatic disease from one node group. to the 
next, with skip metastases being unusual. 

Lymphomas and leukemias are related diseases. The lym- 
phomas are thought to originate in a localized group of 
lymph nodes and then spread to become systemic. 
Leukemia, on the other hand, is considered a systemic dis- 
ease from its onset. Because of these differences, lymphoma 
requires accurate staging for appropriate treatment, while 
this is rarely necessary in the evaluation of leukemias. Of the 
lymphomas, 30% are of the Hodgkin type and the remain- 
der are designated non-Hodgkin. The non-Hodgkin lym- 
phomas (Fig. 14.17) and leukemia (Fig. 14.18) often result 
in significantly enlarged nodes or conglomerate lymph node 
masses, while patients with Hodgkin’s disease typically have 
more discrete enlargement of individual nodes, similar to 
that seen in metastatic carcinomas. 

Bipedal lymphangiography has been replaced by CT and 
MRI for the evaluation of retroperitoneal lymph nodes in 
patients with lymphoma. CT demonstrates enlarged nodes 
as soft tissue masses that enhance less than the adjacent ves- 
sels. However, neither MRI nor CT can detect metastatic 
foci in normal size nodes, and cannot differentiate between 
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FIGURE 14.17. Non-Hodgkin's lymphoma. A: Note the massive adenopathy in the retroperi- 
toneum obstructing both ureters. The kidneys are hydronephrotic. The aorta is elevated signifi- 
cantly away from the spine as is the inferior vena cava (identified by intraluminal filter). Also 
noted are significantly enlarged mesenteric nodes. B: Computed tomography (CT) through the 
pelvis in the same patient reveals massive confluent adenopathy circumferentially compressing 
the bladder. 


FIGURE 14.18. Adenopathy secondary to chronic lymphocytic leukemia. A: The excretory uro- 
gram shows lateral deviation of the proximal left ureter. B: Computed tomography (CT) shows 
multiple large confluent nodes surrounding the great vessels, more prominent on the left. 
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benign reactive hyperplasia and malignancy as an etiology of 
enlarged nodes. Benign hyperplastic nodes rarely exceed 1.5 
cm in diameter and usually are isolated. Using MRI, T1- 
weighted images provide maximal contrast between the 
medium signal lymph nodes and the high signal intensity of 
the surrounding fat. The sensitivity of MRI and CT in de- 


tecting enlarged nodes is similar. 


PRIMARY RETROPERITONEAL TUMORS 


COMMON PRIMARY RETROPERITONEAL 


TUMORS 
m Malignant 
Liposarcoma 
Leiomyosarcoma 
Malignant fibrous histiocytoma 
m Benign 
Lipoma 


The term “primary retroperitoneal tumor” refers to a 
neoplasm that originates independently in the retroperi- 
toneum without an identifiable primary origin from a 
retroperitoneal organ. Retroperitoneal tissues, which can 
give rise to such tumors, include muscle, fascia, connective 
tissue, fat, lymphatics, blood vessels, embryonic urogenital 
remnants, and nerve tissue. Given this plethora of source tis- 
sue, a wide variety of tumors can be found arising de novo in 
the retroperitoneum (Table 14.2). Lymphoma, discussed in 
the previous section, is the most common malignant tumor 
to arise in the retroperitoneum, though many classification 
schemes do not consider it a true primary retroperitoneal 
malignancy. Lymphoma, along with metastatic neoplasm, 
should be excluded before the diagnosis of primary 
retroperitoneal neoplasm is considered in a patient with a 
retroperitoneal mass. 


Primary retroperitoneal tumors grow slowly and produce 
only vague symptoms, if any, before they attain significant 
size. Therefore, unless inadvertently discovered, the typical 
primary retroperitoneal tumor is quite large when initially 
diagnosed. Liposarcomas tend to reach the largest size, hav- 
ing an average diameter of 20 cm when discovered. Other 
primary retroperitoneal tumors average 10 to 15 cm in size 
when detected. Abdominal pain and a palpable mass are the 
most common presenting symptoms. 

Approximately 80% of clinically diagnosed primary 
retroperitoneal tumors are malignant. The prognosis for 
cure is poor because by the time they are detected these tu- 
mors typically have widely infiltrated adjacent tissues. 
Hematogenous spread also is common. 

Malignant tumors are most commonly of mesodermal 
origin, and in descending order of frequency include li- 
posarcoma (Fig. 14.19), leiomyosarcoma (Fig. 14.20), and 
malignant fibrous histiocytoma (Fig. 14.21). These tumors 
are most frequently diagnosed in the 30- to 50-year age 
group and tend to be distributed equally between males and 
females. In patients older than age 50, malignant fibrous 
histiocytoma is the most common sarcoma. 

Imaging of primary retroperitoneal tumors is performed 
to determine their size and extent, their relationship to ad- 
jacent organs, and, where possible, the tissue of origin. 
While sonography may provide some information regarding 
tissue characteristics in retroperitoneal tumors, CT is prefer- 
able for characterizing these lesions and determining their 
extent. Although CT usually is unable to determine the cell 
type of a tumor, there are certain features that may be use- 
ful in suggesting a specific diagnosis. While calcification 
may occur in many of these tumors, its prevalence in malig- 
nant fibrous histiocytoma and mature teratoma is suggestive 
of these diagnoses. Also, nonspecific large areas of necrosis 
tend to occur more frequently in leiomyosarcomas. 
Hemangiomatous tumors tend to show significant enhance- 
ment following intravenous contrast administration, 
though leiomyosarcomas and malignant fibrous histiocy- 


TABLE 14.2. PRIMARY RETROPERITONEAL TUMORS AND SOURCE TISSUE 


Mesodermal Tumors 


Neurogenic Tumors 


Fatty tissue: lipoma/liposarcoma 

Smooth muscle: leiomyoma/leiomyosarcoma 

Striated muscle: rhabdomyoma/ 
rhabdomyosarcoma 

Connective tissue: fibroma/fibrosarcoma 

Lymphatics: lymphangioma/ 
lymphangiosarcoma 

Blood vessels: hemangioma/angiosarcoma 
hemangiopericytoma 

Histiocytes: malignant fibrous histiocytoma 

Mixed tumors: myxoma/myxosarcoma 
mesenchymoma 


Nerve sheath: neurofibroma; neurilemmoma; 
malignant schwannoma 

Sympathetic tissue: ganglioneuroma; 
neuroblastoma 

Extra-adrenal paraganglion system: 
paraganglioma; pheochromocytoma 


FIGURE 14.19. Liposarcoma. Computed tomography (CT) shows 
a large, irregular mass arising in the right retroperitoneum and 
displacing the right kidney across the midline. Note the appear- 
ance of this well-differentiated tumor. 
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tomas also tend to enhance. Tumors of neural origin may 
show spinal erosion (Fig. 14.22). 

Further discussion of the lipomatous tumors of the 
retroperitoneum is indicated because of their relative fre- 
quency of occurrence. Lipomas are the most common be- 
nign primary retroperitoneal tumors. Simple lipomas are 
benign encapsulated accumulations of fat with a negative 
CT attenuation similar to that of adipose tissue elsewhere in 
the body. Liposarcomas, however, may be very well differ- 
entiated and contain recognizable fatty tissue or be highly 
undifferentiated with a relative paucity of lipid. Even well- 
differentiated liposarcomas, though they may contain rec- 
ognizable fatty tissue, usually are easily differentiated from 
benign lipomas because of their soft tissue components. On 
the other hand, the typical retroperitoneal liposarcoma is of 
the myxoid type, containing larger amounts of connective 
tissue and little, if any, recognizable lipid. On CT, the myx- 
oid tumors tend to show an intermediate attenuation that 
on occasion may resemble a fluid-filled structure such as an 
abscess. Further, the attenuation may be similar to that of 
muscle, making the lesion impossible to differentiate from 
other primary retroperitoneal tumors. 


FIGURE 14.20. Leiomyosarcoma. A: Computed tomography (CT) 
shows a large, inhomogeneous mass arising in the right retroperi- 
toneum, displacing the right kidney across the midline. B: T1- 
weighted magnetic resonance imaging (MRI) shows moderately low 
signal intensity of the mass. C: T2-weighted MRI clearly shows the 
inhomogeneity of the lesion. 
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FIGURE 14.21. Malignant fibrous histiocytoma. Computed to- 
mography (CT) shows a large, relatively homogeneous soft-tissue 
mass arising in the left retroperitoneal area and displacing ab- 
dominal contents to the right. There is a simple cyst in the right 
kidney. 


FIGURE 14.22. Schwannoma. Computed tomography (CT) 
shows a large, soft-tissue mass arising behind the right psoas 
muscle and eroding the right side of the vertebral body. 


Retroperitoneal teratomas also may exhibit imaging 
characteristics that allow a definitive diagnosis in some 
cases. Teratomas can be found anywhere from the high 
retroperitoneum to the presacral area, and typically are 
found in the first 6 months of life or in young adults. They 
are three times more common in females than in males. 
These usually are benign lesions, as less than 10% undergo 
malignant degeneration. Radiographically, teratomas may 
be predominantly cystic or solid, or may present as complex 
lesions containing fat or sebum/fluid levels. Slightly less 
than half of cases demonstrate calcification, either amor- 
phous or as prominent linear streaks. 


The value of MRI in diagnosing and staging primary 
retroperitoneal tumors lies mainly in its multiplanar capa- 
bilities, allowing better visualization of the site of origin as 
well as invasion, if present, of adjacent structures. Most 
retroperitoneal tumors have a medium to low signal inten- 
sity on Tl-weighted images and a heterogeneous high signal 
on T2-weighted images. Calcifications are more difficult to 
identify than with CT, but gross fat and necrosis usually are 
easily recognizable. 
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VESICOURETERAL REFLUX 


PAPILLARY NECROSIS 


Papillary necrosis (necrotizing papillitis) is a clinical patho- 
logic entity found in association with several diseases that af- 
fect the kidney. Each disease is thought to involve renal 
medullary ischemia, which causes necrosis and sloughing of 
papillary tissue, which in turn produce radiologic findings 
and also may be associated with renal functional abnormal- 
ities and symptoms. Kidneys that have papillary necrosis 
also tend to have interstitial nephritis. 

Papillary necrosis varies greatly in severity and rate of 
progression. It may be part of a condition that produces se- 
vere acute renal abnormalities with massive sloughing of 
most papillary tissue, with hematuria and colic, or may fol- 
low an indolent course, with only the mildest of nonpro- 
gressing radiographic abnormalities and no clinical symp- 
toms at all. The diagnosis may be established by imaging 
studies (usually urography), by histologic examination of 
papillary fragments found in the urine, or by pathologic ex- 
amination of the entire kidney. 

The possible etiologies of papillary necrosis may be re- 
called using the mnemonic NSAID: nonsteroidal antiin- 
flammatory drugs, sickle cell hemoglobinopathies, analgesic 
abuse, infection (such as tuberculosis and pyelonephritis), 
and diabetes mellitus. The mnemonic NSAID itself is one 


etiology of papillary necrosis that may be increasing in fre- 
quency. However, the most common etiologies are anal- 
gesics, diabetes mellitus, and sickle cell anemia. 


- PAPILLARY NECROSIS 


NSAID (Nonsteroidal o e 
_drugs) 
Sickle cell anemia 
Analgesic nephropathy a 
Infection, especially tuberculosis 
Diabetes mellitus 


. 
zZ 
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Analgesic Nephropathy 


Analgesic nephropathy was first described in 1953 in 
Sweden, where a number of patients with interstitial nephri- 
tis were found to have consumed large amounts of anal- 
gesics, which usually consisted of combinations of aspirin 
and phenacetin. The combination has been found to be 
nephrotoxic, especially to the renal medulla and papillae, 
and particularly when consumed in large doses for a long 
time. Although over-the-counter combinations of aspirin 
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and phenacetin largely have been removed from the market, 
they have been replaced by combinations of aspirin and ac- 
etaminophen. Both in combination and alone, these drugs 
may, in large doses, also produce renal disease. More re- 
cently, similar analgesic nephropathy has been found caused 
by nonsteroidal antiinflammatory drugs (NSAIDs) such as 
indomethacin, sulindac, and tolmetin. 

The association of high levels of consumption of these 
analgesics and high rates of renal disease from them is clear; 
they are particularly prevalent in the section of Belgium 
around the city of Antwerp, in Australia, Germany, 
Scandinavia, and Switzerland; Britain and the United States 
have lower rates of consumption and renal disease. 

Aspirin and phenacetin interfere with oxidative phos- 
phorylation, which is a protective mechanism against oxi- 
dant toxic injury. They also inhibit prostaglandin synthesis, 
which may reduce renal blood flow. Over time, these 
changes cause direct toxicity on the collecting tubules, gen- 
eralized microangiopathy in the peritubular vessels, en- 
dothelial necrosis in the interstitial cells, and platelet aggre- 
gation in the vasa recta, all of which result in necrosis of all 
or part of the renal papillae. 

Patients with renal disease resulting from analgesic abuse 
also have an increased incidence of transitional cell carci- 
noma, especially of the upper tract (see Fig. 15.4). 


Sickle Cell Disease 


Sickle cell disease is the result of the homozygous 
hemoglobin S gene, which is present in approximately 10% 
of the black Americans and in approximately 30% of black 
Africans. The gene alters the solubility of hemoglobin, 
which results in the classic sickle cell shape of erythrocytes; 
these cells are less malleable than normal, and tend to ag- 
gregate in and occlude capillaries, producing regions of is- 
chemia and infarction in the renal medullae and papillae. 
Up to 50% of patients with sickle cell disease develop renal 
papillary necrosis. Papillary necrosis also may occur in pa- 
tients with sickle cell trait. 


FIGURE 15.1. Patterns of papillary necrosis. A: 
Normal calyx and papilla. B: Central erosion of papilla 
(medullary type). C: Streaky erosion extending from 
calyceal fornix. D: “Lobster claw” deformity resulting 
from bilateral forniceal erosions into the medullary 
pyramid above the papilla. E: Necrotic papilla retained 

in calyx after sloughing. if retained long enough, rim- AE 
like calcification of the papilla can occur. F: Rounded = { 
calyx after passage of sloughed papilla. While this is ra- } 
diographicaily similar to the clubbed calyx found in 
chronic atrophic pyelonephritis, there usually is no ad- 
jacent parenchymal scarring. (From Amis ES Jr, 
Newhouse JH. Essentials of uroradiology. Boston: 
Little, Brown and Company, 1991, with permission.) A 


Infection 


The association of pyelonephritis and papillary necrosis 
sometimes is confusing, in part because of inconsistent 
meanings for the word “pyelonephritis.” There have been 
published cases of fulminant pyelonephritis in patients 
with severe diabetic ketoacidosis in whom acute sloughing 
of renal papillae has clearly occurred; the individual contri- 
bution of each disease to the ultimate papillary necrosis, 
however, is not entirely clear. Also, the term chronic 
pyelonephritis often is applied to patients who have the 
nephropathy associated with vesicoureteral reflux (who 
very often have recurrent bouts of urinary infection as well) 
in whom focal scarring leads to retraction and disappear- 
ance of the papillae. In both conditions, the papillary tissue 
disappears and the radiologic findings are consistent with 
papillary necrosis. 

When the kidneys are infected by tuberculosis, the bacilli 
initially lodge in the cortex and move down the nephrons to 
the medulla, where they cause focal caseating granulomata, 
which then slough portions of tissue and produce papillary 
necrosis. A particular “feathery” appearance of the papillae, 
caused by loss of very small portions of tissue, is one of the 
patterns that may be produced when tuberculosis is the eti- 


ology (see Chapter 7). 


Diabetes Mellitus 


This disease produces a variety of renal abnormalities. 
Ischemia caused by small-vessel disease can cause papillary 
necrosis, but the abnormalities are not limited to this region. 
Diabetic nephrosclerosis affects the entire kidney and ulti- 
mately may lead to severe renal failure. 


Radiology 


The plain film is commonly normal; rarely, a sloughed but 
retained papilla may develop a ring of calcification on its 
surface and become visible. If the whole papilla is necrotic, 
the calcifications may be 5 to 6 mm in diameter. More com- 
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monly, only part of the papilla is necrotic and produces a 2- 
to 3-mm irregularly shaped calcification. 

The plain films also may provide other diagnostic clues. 
Advanced arthritic changes in the hips or spine may be clues 
to chronic pain that has led to excess analgesic ingestion. 
Premature vascular calcification, especially in medium- to 
small-diameter vessels, and calcification in the vas deferens 
may indicate diabetes mellitus. Ischemic necrosis of the 
femoral head may indicate that the patient has sickle cell dis- 
ease. 

The classic radiologic features of renal papillary necrosis 
are best shown by excretory or retrograde pyelography. 
Kidney size may be normal or diminished. There are several 
patterns of calyceal changes (Fig. 15.1). Small collections of 
contrast medium may be seen in the papillary region (Fig. 
15.2) and may be round, elongated, or irregular in shape. 
They may extend from the calyceal fornices or directly into 
the tip of the papillae. The collections usually extend out- 
side the interpapillary line. Central erosion of the papilla is 
known as the medullary type of papillary necrosis. 
Alternatively, the entire papilla may become necrotic and 
slough; this is known as the papillary type of papillary necro- 
sis. If the sloughed tissue has disappeared from the calyx and 
has been passed down the ureter, urography may reveal a 
blunted calyceal outline with no remnant of the papilla at 
all. Alternatively, the entire papilla or large pieces of it may 
be retained, and may form circular or irregular filling defects 
(Fig. 15.3); these defects may be calcified on their periph- 
eries. Rarely, urography may be performed while a large 


FIGURE 15.2. Papillary necrosis. Collections of contrast medium 
of varying sizes are present in the papillary regions adjacent to 
normal calyces. 
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FIGURE 15.3. Papillary necrosis. The papillae have sloughed but 
remain in the papillary region. They are seen as filling defects sur- 
rounded by contrast medium. 


papilla that produces ureteral obstruction is being passed 
(Fig. 15.4). Loss of papillae may be the only abnormalities 
seen at urography; alternatively, the loss may be followed by 
more generalized diminution in parenchymal volume with 
focal or generalized loss in cortical thickness. 


FIGURE 15.4. Excretory urogram in a patient with analgesic 
abuse. Ring shadows are seen in the papillary region resulting 
from contrast medium surrounding sloughed papillae. A 
sloughed papilla in the proximal ureter (arrow) is seen as a radi- 
olucent filling defect. 
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Papillary necrosis should not be confused with papillary 
stones. These papillary stones account for 25% of passed 
kidney stones, are formed in the interstitium of the papillae, 
and are 1 to 4 mm in size. They have a particular micro- 
scopic appearance with a characteristic shape; they are con- 
vex on one side and concave on the other. Randall’s plaques 
form on the concave side of more than 70% of these stones. 
The concavity is produced by formation of the stones in the 
interstitium against the cribriform plate. Papillary stones 
and Randall’s plaques are extratubular and do not affect the 
collecting ducts, which function normally. There is no al- 
teration in renal function. 


MEDULLARY SPONGE KIDNEY (BENIGN 
TUBULAR ECTASIA) 


Medullary sponge kidney (MSK) is a condition character- 
ized by dilatation of the renal collecting ducts (ducts of 
Bellini). The dilatation may be cylindrical or saccular, and 
may slightly enlarge the affected calyces. The kidney usually 
is normal in size, but occasionally is enlarged. In approxi- 
mately 15% of cases, small calcifications are seen within the 
dilated portions of the collecting ducts. Although the ori- 
fices of the ducts in the cribriform plate are normal, the cal- 
cifications occasionally erode through the plate and are 
passed as small stones. 

Most patients are asymptomatic. Occasionally, there may 
be mild hematuria, and the patients who pass calcifications 
may have episodes of renal colic. There may be a slight as- 
sociation with pyelonephritis. The renal function often is 
normal; there may be a mild reduction in urinary concen- 
trating capacity and there may be mild hypercalcemia. 
There are reported associations with ipsilateral hemihyper- 
trophy, cortical renal cysts, calyceal diverticuli, medullary 
cystic disease, horseshoe kidney, renal ectopia, Ehlers- 
Danlos syndrome, autosomal-dominant polycystic disease, 
distal renal tubular acidosis, and hyperparathyroidism with 
parathyroid adenoma. Some of these associations may be 
fortuitous or the result of an incorrect diagnosis (renal calci- 
fication and small cysts may be seen in conditions other than 
MSK). The disease is rare in children. 


Radiology 


The plain film usually is normal, but small calcifications 
may be seen (Fig. 15.5). These calcifications are present in 
the region of the renal medullary pyramids, may involve 
both kidneys or only one, may be seen in multiple papillae 
or one papilla, and may appear as clusters or isolated small 
stones. Cortical nephrocalcinosis is not part of this condi- 
tion. On excretory urography, MSK appears as streaks of 
contrast medium that extend from the surface of the papil- 
lae (Fig. 15.6). These streaks often are parallel to each other, 


FIGURE 15.5. The plain film in a patient with known medullary 
sponge kidney. Multiple punctate calcifications are seen in both 
kidneys. 


perpendicular to the periphery of the kidney, and may ap- 
pear irregular in outline and of varying caliber. These stria- 
tions represent fusiform dilatation of the collecting ducts; 
saccular dilatations also may cause small circular collections 
of contrast medium to appear. The papillae may be enlarged 
(Fig. 15.7). The nephrogram features often are not visible 


FIGURE 15.6. Medullary sponge kidney. Contrast medium is 
seen in several dilated collecting tubules in ail calyceal regions. 
The rays are outside the interpapillary line. 


FIGURE 15.7. Medullary sponge kidney. Excretory urography re- 
veals dense striations (arrowheads) and enlargement of several 
papillae (arrows). 


on computed tomography (CT); the calcifications may be 
detected by CT without intravenous contrast and by ultra- 
sound. 

The differential diagnosis of this disease sometimes is dif- 
ficult. A uniform nonstriated papillary blush may be nor- 
mal; this is especially likely to appear in patients who un- 
dergo ureteral compression during urography and may 
disappear when the compression is removed. The normal 
papillary blush is not clearly striated, and does not contain 
cystic collections of contrast medium. A striated nephro- 
gram may be seen in patients with autosomal-recessive poly- 
cystic kidney disease. In this condition, however, the stria- 
tions usually extend farther toward the periphery of the 
kidney, and the kidneys may be enlarged. The patients usu- 
ally are younger, and evidence of periportal hepatic fibrosis 
and portal hypertension may be seen, Papillary and 
medullary nephrocalcinosis may be caused by a number of 
conditions other than MSK; with the other causes of 
nephrocalcinosis, however, cystic or fusiform dilation of the 
collecting tubules are not seen. Medullary nephrocalcinosis 
from MSK and medullary nephrocalcinosis from other 
causes cannot be distinguished by ultrasound. 

Benign tubular ectasia is a phrase frequently applied to 
patients with milder cases of MSK: the striations usually are 
finer (and more difficult to distinguish from the normal 
papillary blush), and cystic dilatation or calcifications are 
not encountered. There has been no convincing demonstra- 
tion that benign tubular ectasia progresses to more severe 


cases of MSK. 
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CALYCEAL DIVERTICULUM 


A calyceal diverticulum is a lesion consisting of an out- 
pouching of a portion of the collecting system into the cor- 
ticomedullary region. It can arise from any part of the col- 
lecting system from the renal pelvis to a fornix; it is most 
commonly seen extending from the fornix of the upper or 
lower pole calyx. It sometimes is known as a pyelogenic cyst, 
especially if it arises from the pelvis. These lesions can range 
in size from a few millimeters to several centimeters in di- 
ameter; their necks are virtually always narrow. They may 
develop calcified stones; characteristically, a cluster of rela- 
tively uniformly sized stones may be seen within large diver- 
ticuli. They often are asymptomatic, but may appear clini- 
cally by producing microhematuria or by association with 
urinary tract infection. The stones that form within them 
may pass and cause ureteral colic, but usually are confined 
to the diverticulum by the narrow neck. 

On excretory or retrograde urography, a calyceal diver- 
ticulum classically appears as a spherical collection of con- 
trast medium adjacent to a papilla (Fig. 15.8). Occasionally, 
the narrow connecting channel may be visualized, but often 
the neck is too small to see. In an upright film, if the con- 
trast medium has not completely mixed with urine, a con- 
trast-urine layer may be seen; a similar appearance may oc- 
cur if multiple small stones layer in the dependent portion 
when the patient is upright (Fig. 15.9). If the diverticulum 


FIGURE 15.8. Calyceal diverticulum. A collection of contrast ma- 
terial (arrow) is seen outside the collecting system. The thin stalk 
connecting it to the fornix of the calyx cannot be seen. 
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FIGURE 15.9. A: Supine film from an excretory urogram showing a calyceal diverticulum (arrow) 
rising from the lower pole calyx. B: Postvoid upright film shows layering of contrast medium and 
urine producing a fluid level (arrow) within the calyceal diverticulum. 


is large and arises from the pelvis, it is more likely to cause 
infundibular or calyceal compression and displacement 
(Fig. 15.10). The fluid-filled cavity comprising a calyceal di- 
verticulum, together with any stones it contains, may be 
seen on CT or ultrasound. However, with cross sectional 
modalities, it may be hard to distinguish a diverticulum 
from a single obstructed hydrocalyx or renal cyst. 


FIGURE 15.10. Large calyceal diverticulum. Excretory urography 
reveals the diverticulum to indent the adjacent renal pelvis; in- 
numerable tiny calcified stones cause it to be quite dense. 


RENAL TUBERCULOSIS 


Papillary necrosis resulting from tuberculosis may look simi- 
lar to that of other etiologies; occasionally, the finely irregu- 
lar surface of tuberculous papillary necrosis may provide a 
clue to its cause, as may other renal manifestations of the dis- 
ease. The adjacent parenchyma may be scarred and calcified. 

The epithelial lining of the calyces, infundibuli, pelvis, 
and ureter may become inflamed and ulcerated from tuber- 
culous infection. After this phase resolves, reactive fibrosis 
may Cause strictures at any of these levels and may produce 
obstruction. Fibrosis in and around the superior part of the 
renal pelvis may result in narrowing of the pelvis, with su- 
perior retraction producing a sharp pelvic angle known as a 
“purse-string stricture.” Fibrosis of an infundibulum (Fig. 
15.11) can result in an amputated (that is, completely ob- 
structed and nonopacified) calyx. Fibrosis at the uretero- 
pelvic junction may result in caseous pyonephrosis, which 
may calcify and produce the classic appearance of tubercu- 
lous autonephrectomy. 

The differential diagnosis of benign strictures in the renal 
collecting system is short. A vessel crossing and compressing 
an upper pole infundibulum may mimic a stricture, but 
usually can be distinguished because it is a solitary finding, 
because it has the classic configuration of external compres- 
sion of the infundibulum caused by an adjacent cylindrical 
structure, and because of the absence of other findings of tu- 
berculosis. Transitional cell carcinoma may obstruct part of 
the collecting system, but usually a mass or an irregular tu- 
mor surface can be detected. Extrinsic infundibular com- 
pression resulting from parapelvic cysts or fat rarely causes 


FIGURE 15.11. Tuberculosis. Late film from an excretory uro- 
gram showing a dilated, partially obstructed calyx in the upper 
pole due to an upper pole infundibular stricture. An irregular col- 
lection of contrast medium is also seen in the papilla of an adja- 
cent calyx. 


obstruction, and cysts usually cause sufficient displacement 
that the abnormality is clearly from a space-occupying le- 
sion, rather than an intrinsic stricture. Rarely, brucellosis 
can mimic tuberculosis, and retroperitoneal fibrosis occa- 
sionally may invade the renal sinus and mimic intrinsic pye- 
localyceal strictures. 
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DIFFERENTIAL DIAGNOSIS OF 
EXTRACALYCEAL CONTRAST MEDIUM 


Papillary necrosis, MSK, and calyceal diverticulae all may 
cause contrast medium to be seen in the papillae outside 
the interpapillary line (Fig. 15.12), and differentiating 
among them may be difficult. Both papillary necrosis and 
MSK are more common in women. Patients with papillary 
necrosis may have a history of one of the etiologic condi- 
tions. Papillary necrosis, especially tuberculosis, may cause 
pyuria, which most patients with MSK do not have. Urine 
culture for tuberculosis bacilli makes the critical distinc- 
tion. 

MSK and benign tubular ectasia usually demonstrate 
tiny parallel streaks of extracalyceal contrast; this brush-like 
appearance occasionally is seen only with a magnifying glass. 
Calyceal diverticuli, when small, may be difficult to distin- 
guish from single calyces whose papillae have completely 
sloughed, but calyceal diverticuli usually have extremely 
thin necks, are eccentric rather than central to the calyx, and 
may contain a characteristic cluster of small stones. If a se- 
ries of films has been obtained immediately after contrast in- 
jection (1-minute nephrotomograms), the calyceal divertic- 
ulum can be seen to opacify after the calyx opacifies, as 
contrast medium is excreted through the tubules into the ca- 
lyx and then out to the diverticulum. 


NORMAL A 


FIGURE 15.12. A: Normal, Diagrammatic representation of contrast medium seen in normal col- 
lecting tubules after the application of compression in excretory urography. The rays of contrast 
medium in collecting tubules are outside the interpapillary line. B: Papillary necrosis. 
Diagrammatic representation of necrotic papillae in papillary necrosis. The papilla may be com- 
pletely (papillary type) or partially (medullary type) necrotic. The calyces are normally cupped un- 
less the necrotic papilla has sloughed and passed into the collecting system in which case the ca- 
lyx will appear to be blunt, C: Medullary sponge kidney. Diagrammatic representation of dilated 
collecting ducts, some containing small calcifications. The collecting ducts are irregular in outline. 
The calyx is either normal or flattened. This is the classic appearance of medullary sponge kidney. 
D: Tuberculosis. Diagrammatic representation of intermediate renal tuberculosis. Contrast 
medium is seen in cavities in the papilla. These collections are irregular and extend toward the cor- 
tex. There may be associated scarring opposite the affected papilla. The associated calyx has a 
moth-eaten, ragged appearance. 


306 Textbook of Uroradiology 


RENAL SINUS FAT 


The normal renal sinus contains fat that surrounds the 
pelvicalyceal and vascular structures. This fat is so sparse in 
infancy and childhood as to be invisible by clinical imaging. 
But with advancing age, this fat increases in volume and be- 
comes detectable. In anatomically normal patients, this 
change probably reflects the inexorable loss of renal 
parenchymal volume that occurs with age. In patients who 
are obese, who have excess truncal fat from exogenous 
steroids or Cushing’s syndrome, or whose renal parenchy- 
mal volume has been reduced by disease, the amount of si- 
nus fat may be considerable. In a few patients in whom the 
renal parenchyma has been almost completely destroyed, 
usually by pyelocalyceal stones, the sinus fat can become 
quite voluminous; this condition is known as replacement 
lipomatosis, or replacement fibrolipomatosis. 

Urography, especially nephrotomography, reveals renal 
sinus lipomatosis as a region of central renal lucency that 
surrounds the infundibulae. The infundibulae may look 


very attenuated, or thinned, or even slightly bowed, but in- 
fundibular obstruction is not a feature of this condition. 
Sinus fat may be indistinguishable from multiple renal sinus 
cysts during urography. 

Ultrasound reveals the fat to be echogenic. Enlargement 
of the echogenic central renal echo complex is seen, a find- 
ing that permits distinction of fat from cysts; the 
parenchyma may be thinned. CT directly reveals the sinus 
fat, which usually is of the same density as other retroperi- 
toneal fat. When extreme thinning of the renal parenchyma 
causes replacement lipomatosis, the renal sinus fat may be so 
exuberant as to resemble a central renal fatty mass. In these 
cases, collecting system calculi may be found and there may 
be sufficient renal parenchymal damage that the kidney may 
not function. 


VASCULAR IMPRESSIONS 


The renal artery and vein and their major branches are in 
close association with the collecting system, and both nor- 
mal and abnormal vessels may cause impressions on the 
pelvis and infundibulae. These impressions are virtually al- 
ways urographic findings and, although they can usually be 
specifically diagnosed, they occasionally may require 
workup with other imaging techniques. 

The most common manifestation of pelvicalyceal vascu- 
lar impression is a band-like or cylindrical lucency that may 
involve any part of the collecting system, but that is most 
frequently seen in the upper pole infundibulum or on the 
superior surface of the renal pelvis. The lucency can be made 
to shrink or disappear if calyceal pressure is increased, either 
by the application of ureteral compression or the perfor- 
mance of a retrograde pyelogram. If the diagnosis still is not 


FIGURE 15.13. Renal artery partially ob- 
structing upper pole infundibulum. A: 
Excretory urography reveals dilated upper 
pole calyces. B: Renal arteriography shows 
a branch of the renal artery compressing 
upper pole infundibulum. 
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FIGURE 15.14. A: Renal artery aneurysm. Excretory urogram shows a renal pelvic defect (arrow). 
B: Selective renal arteriography shows a renal artery aneurysm (arrow) in the exact position of the 


renal pelvic defect. 


certain, dynamic CT or Doppler ultrasound may demon- 
strate that the structure producing the lucency is a vessel. 

Very rarely, a renal artery branch may compress an upper 
pole infundibulum to the point that the associated calyx 
may become obstructed and ectatic (Fig. 15,13), a condition 
referred to as Fraley’s syndrome. Surgery may be required to 
address the associated symptoms or the complications of lo- 
cal hydronephrosis. 

Renal artery aneurysms (Fig. 15.14) and arteriovenous 
malformations that protrude into the renal sinus may indent 


FIGURE 15.15. Ring-like calcification of renal artery aneurysm 
(arrow) indenting superior aspect of renal pelvis. 


the collecting system and produce urographic lucencies. 
Ring-like calcifications in aneurysms (Fig. 15.15) may be 
clues to the etiology of impressions on the collecting system. 


RENAL SINUS HEMORRHAGE 


Hemorrhage into the renal sinus or collecting system may 
occur in a variety of clinical circumstances including benign 
or malignant renal tumors, arteritis, aneurysms, arteriove- 
nous malformations, trauma, coagulation disorders, or 
other bleeding diatheses. In the central portion of the kid- 
ney, bleeding may occur into the renal sinus or the wall or 
lumen of the collecting system. 

The radiologic appearance depends on the compartment 
into which bleeding has occurred. Hemorrhage into the col- 
lecting system may produce intraluminal clots that appear as 
filling defects. These filling defects usually are well defined 
and conform to the configuration of the collecting system. 
Large blood clots usually are evident and are associated with 
gross hematuria; small blood clots may be difficult to dis- 
tinguish from loosened stones or even tumors. Because the 
kidney produces urokinase, blood clots often dissolve, 
though they may reform if bleeding persists. Blood clots 
have moderate echogenicity, less than that of renal sinus fat. 
They do not produce the acoustic shadowing seen with 
stones. CT demonstrates blood clot as an opacity slightly 
denser than adjacent soft tissues. They can be clearly distin- 
guished from stones, because even “lucent” stones have a 
CT density of approximately 150 Hounsfield units (HU) or 
more. Blood clots also may pass down the ureter and may 
cause ureteral obstruction. 

Hemorrhage into the wall of the collecting system is seen 
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FIGURE 15.16. Renal sinus hemorrhage. A persistent right 
nephrogram is a result of ureteral obstruction by a blood clot in 
this anticoagulated patient. Hemorrhage into the renal sinus is 
seen surrounding the contrast filled renal pelvis. 


most frequently in patients with a bleeding disorder or those 
receiving anticoagulant medication. Excretory urography 
reveals an intramural mass that creates a well-defined filling 
defect that can be linear, circular, or even plaque-like in con- 
figuration. Because the hematomas are usually small, they 
are difficult to see on CT. 

The radiographic appearance of bleeding into the renal 
sinus includes narrowing of the major infundibula, renal 
pelvis, or proximal ureter. Although they often are best seen 
on excretory urography, this narrowing may be large enough 
to be identified on CT (Fig. 15.16). The density of the 
hematoma depends on the age of the lesion. Acute throm- 
bus is denser than unenhanced renal parenchyma. Over 
time, the clot may liquefy to a water density or may be re- 
sorbed. 

Intraluminal, intramural, and renal sinus hemorrhage 
may occur independently, in combination, or accompanied 
by renal parenchymal or perinephric bleeding. The radio- 
graphic evaluation should be directed not only at diagnos- 
ing this hemorrhage, but also at identifying the underlying 
etiology. In some cases, extensive bleeding precludes a good 
CT examination, and a follow-up study may be necessary to 
exclude a small neoplasm. 


BENIGN MASSES 
Papillomas 


Papillomas are a kind of benign tumor of the transitional ep- 
ithelium that may appear in the collecting system, ureter, or 
bladder; they are rare in the upper tract. Some pathologists 
do not make a clear distinction between papillomas and 
low-grade transitional-cell carcinomas. Papillomas appear as 
polypoid filling defects that may have a recognizable stalk. 
Inverted papillomas are extremely unusual lesions that have 
a central core composed of transitional epithelium rather 
than connective tissue and are covered with the normal layer 


of transitional cell epithelium. They are small and intrinsi- 
cally benign, but a few patients have been described in 
whom urothelial malignancy has been found near the in- 
verted papilloma or elsewhere in the urinary tract. 


Connective Tissue Tumors 


Connective tissue tumors of the collecting system are rare; 
both malignant and benign tumors originating from mus- 
cular, vascular, fibrous, and neural tissues have been de- 
scribed. They present as masses arising from the renal pelvic 
or calyceal walls. As a group, their surfaces may be less ir- 
regular than those of epithelial malignancies, but their spe- 
cific diagnoses usually can not be established radiologically. 


Fibroepithelial Polyps 


Fibroepithelial polyps are described in greater detail in 
Chapter 16. These polyps also may appear in the renal 
pelvis. The pelvic lesions may be more bulky and multilob- 
ular than the ureteral lesions, which often are long, thin, and 
cylindrical. 


Leukoplakia (Squamous Metaplasia) 


Squamous metaplasia is a rare inflammatory condition, usu- 
ally associated with chronic infection, which may occur in 
the collecting system, ureter, or bladder. The term leuko- 
plakia refers to a white patch seen on the surface of an area 
of squamous metaplasia. Although there is an association 
between squamous metaplasia and squamous cell carcinoma 
in the bladder, whether there is such an association in the 
upper urinary tract is not clear; the malignant potential of 
the lesion in the renal collecting system probably is low. The 
lesion may be accompanied by symptoms of urinary tract in- 
fection and microhematuria; desquamated flakes of epithe- 
lial tissue may appear in the urine. 

Retrograde pyelography or excretory urography may re- 
veal the lesion as a flat mass or region of thickening of the 
renal pelvic wall; the thickening may give a “corduroy” ap- 
pearance. 


Malacoplakia 


Malacoplakia is another rare benign inflammatory lesion 
that usually is accompanied by recurrent bouts of 
Escherichia coli infection. The lesions are usually small; they 
rarely are larger than 3 mm in diameter, and are commonly 
multiple. They appear as smooth yellow plaques on gross in- 
spection, which, histologically, contain the typical histio- 
cytes in which Michaelis-Guttmann bodies are seen. 
Radiographically, they appear as multiple filling defects aris- 
ing from the wall of the renal pelvis; they usually are flatter 
than the lesions of pyelitis cystica. 


Pyelitis Cystica 


These lesions are identical to those sometimes found in the 
ureter in patients with ureteritis cystica; they are described 
more fully in Chapter 16. Urography reveals them as multi- 
ple, small (2-mm), smooth, hemispherical filling defects 
protruding into the lumen from the renal pelvic wall. 


MALIGNANT TUMORS 


Seven percent to 8% of primary renal malignancies develop 
in the collecting system (see Chapter 6). Mast malignancies 
of the renal collecting system are transitional cell carcino- 
mas; squamous cell carcinomas are Rene adenocarci- 
nomas are rarer still. The types usually are not distinguish- 
able radiologically. Transitional cell carcinomas have a 
tendency to be multiple, so that synchronous and 
metachronous lesions may be seen in a given|patient. In gen- 
eral, transitional cell carcinomas of the bladder are much 
more common than tumors of the upper urinary tract. Up 
to 40% of patients with transitional cell carcinomas of the 
collecting system may have carcinomas of the bladder diag- 
nosed within a short time, and patients with a transitional 
cell carcinoma at any site are at increased risk for developing 
a subsequent transitional cell carcinoma in the upper uri- 
nary tract as well. If transitional cell carcinomas of the up- 
per tract are treated with local resection, a remaining col- 


lecting system and ureter particularly are prone to develop 
another tumor. Thus, an annual excretory |urogram is rec- 
ommended to detect upper tract tumor in patients with pri- 
mary bladder cancer, particularly those a multifocal or 
recurrent disease. 

A number of predisposing factors seem to place patients 
at risk for developing upper tract transitional cell carcinoma, 
including analgesic abuse, exposure to aniline dyes or 
petroleum derivatives, a long history of heayy smoking, ad- 
ministration of cyclophosphamide, and Balkan nephropa- 
thy. Long-standing upper tract stone disease may be a risk 
factor for squamous cell carcinoma; whether or not leuko- 
plakia or upper urinary tract cholesteatomas increase the risk 
is debatable. 

Any upper urinary tract tumor may present with gross or 
microscopic hematuria. The patients may have pain, espe- 
cially if the tumors have caused hydronephrosis, and voided 
urine may contain exfoliated malignant cells that are de- 
tectable on cytologic examination. 

Upper urinary tract tumors can be staged by a scheme 
similar to that used for bladder carcinomas, Stage 0 tumors 
are limited to the transitional epithelium,| stage A lesions 
have invaded the lamina propria, and stage B tumors have 
invaded into, but not completely through,| the muscularis. 
The prognosis for these tumors is good; 50% survivals of 5 
to 7 years are typical. Stage C tumors have'invaded the ad- 
jacent fat or renal parenchyma, and stage D tumors have 
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FIGURE 15.17. Transitional cell carcinoma of the renal pelvis. 
Retrograde pyelography reveals a solitary renal pelvic filling de- 
fect (arrow). 


metastasized (nodal and lung metastases are common); the 
prognosis for these lesions usually is poor, and many pa- 
tients die of carcinomatosis within 1 year. 

Small carcinomas of the collecting system may be de- 
tected best initially by excretory or retrograde urography 
(Fig. 15.17). The images reflect the growth pattern. Tumors 
may appear as intraluminal filling defects, which may be 
polypoid or flat; their surface usually is irregular (Figs. 15.18 
and 15.19). If the tumor has completely obstructed an in- 
fundibulum, the associated calyx may fail to opacify (the 
“amputated” calyx) and evidence of local hydronephrosis 
may be visible (Fig. 15.20). If the pelvis or ureteropelvic 
junction is obstructed, varying degrees of failure to function 
and hydronephrosis involving the entire kidney may be en- 
countered. 

The differential diagnosis of a filling defect in the col- 
lecting system includes tumor, blood clot, lucent stone, 
sloughed papilla, fungus ball, involvement of the urothe- 
lium by infection or inflammation, and invasion of the col- 
lecting system by a renal parenchymal tumor. A blood clot 
can be virtually excluded if there is no gross hematuria. 
Conversely, the diagnosis of blood clot is supported if the 
CT density is consistent with clot or if subsequent examina- 
tions show the filling defect to lyse and disappear. Lucent 
stones produce a filling defect on urography. They may be 
identified on ultrasound by their echogenic surface and 
acoustic shadowing. On CT, lucent stones have an attenua- 
tion greater than 150 HU, which is much higher than either 
tumors or blood clots. A sloughed papilla sometimes may 
look like a polypoid tumor, but usually is associated with a 
blunted calyx at the site from which the papilla detached. A 
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FIGURE 15.18. Transitional celi carcinoma. Multiple irregular 
filling defects in the renal pelvis and calyces are most consistent 
with transitional cell carcinoma. 


FIGURE 15.20. Transitional cell carcinoma. The tumor (white ar- 
rows) is obstructing the infundibulum and causing hydronephro- 
sis of one calyx (black arrow). 


fungus ball (mycetoma) may be diagnosed by finding hy- 
phae in the urine. Rarely, cholesteatomas may mimic tu- 
mors. A normal papilla may protrude into the renal pelvis 
without an intervening infundibulum; contrast in the 
papilla’s fornix may produce a dense ring around the lu- 
cency and provide a clue to the diagnosis (Fig. 15.21). 
Benign strictures may mimic obstructing tumors; these usu- 
ally are caused by tuberculosis and may be accompanied by 
other signs of renal tuberculosis, and sometimes by pyuria 
and positive urine cultures. Rarely, renal parenchymal tu- 
mors may invade the collecting system and mimic transi- 
tional cell neoplasms. 


FIGURE 15.19. Transitional cell carcinoma. A: Retrograde pyelography demonstrates a large, ir- 
regular filling defect in the renal pelvis. B: The soft tissue mass (arrow) is shown on this enhanced 


computed tomography examination. 


FIGURE 15.21. Normal papilla causing a lucent filling defect in 
the renal pelvis. Note the dense ring (arrow) caused by contrast 
in the papilla’s fornix. 


Ultrasound and CT are not as sensitive as urography for 
detecting small tumors. Ultrasound reveals transitional cell 
carcinomas to be relatively hypoechoic regions (Fig. 15.22) 
within the renal sinus, which normally is quite echogenic. 
Ultrasound also may demonstrate any hydronephrosis that 
the tumor has produced. 

CT reveals the mass directly and also may depict any hy- 
dronephrosis. The mass usually is of soft-tissue density and 
may enhance slightly with intravenous contrast medium. 
Large tumors may contain low-density necrotic regions that 
do not enhance. If the tumor appears as a relatively discrete 
intraluminal mass surrounded by normal-appearing 
parenchyma, it is likely to be of relatively low (O, A, or B) 


FIGURE 15.22. Transitional cell carcinoma. Ultrasound examina- 
tion showing echogenic discrete mass (arrow) in the lower pole 
calyceal region. 
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FIGURE 15.23. Transitional cell carcinoma. The tumor is seen in 
the lateral aspect (arrow) of the renal pelvis on this enhanced 
computed tomography examination. The adjacent renal 
parenchyma appears normal. 


stage (Fig. 15.23). If the edges of the mass extend into the 
region of the renal parenchyma and acquire indistinct 
boundaries (Fig. 15.24), it is likely to be stage C; local lym- 
phadenopathy, which usually indicates stage D disease, also 
should be sought when the tumors are evaluated with CT. 
Arteriography rarely is performed in patients with col- 
lecting system tumors. When the tumor is large enough to 
be visualized, it is usually relatively hypovascular (Fig. 


FIGURE 15.24. Computed tomography of right renal pelvic tran- 
sitional cell cancer. The tumor occupies the entire renal sinus, has 
invaded the parenchyma, and obstructed the kidney (note di- 
minished nephrogram). 
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FIGURE 15.25. Transitional cell carcinoma. A: Excretory urogram in a patient with invasive tran- 
sitional cell carcinoma. The tumor has extended into the calyces and through the renal pelvic wall 
(arrowhead). Much of the filling defect represents blood clot. B: Selective renal angiography 
shows small tumor vessels centrally (white arrowhead) and tortuous tumor vessels where the tu- 
mor has invaded the renal pelvis (black arrow). Tumor vessels are not commonly seen in transi- 


tional cell carcinoma. 


15.25); any visualized tumor neovascularity is likely to ap- 
pear as tortuous, thread-like vessels rather than as hypertro- 
phied arteries. 


VESICOURETERAL REFLUX 


Vesicoureteral reflux is discussed primarily in Chapter 16, 
and the chronic pyelonephritic changes that may result are 
described in Chapter 7. However, reflux and chronic 
pyelonephritis involve changes that appear in the pyeloca- 
lyceal system, and are reviewed briefly here. 

Low grades of reflux may produce no pyelocalyceal 
changes at all. At the instant in which reflux occurs, there 
may be varying degrees of pyelocalyceal distention, the mor- 
phology of which may be indistinguishable from obstructive 
hydronephrosis. Depending on the duration and severity of 
the reflux, the distention may or may not persist between 
episodes of reflux and after the reflux has resolved naturally 
or has been corrected surgically. 

Reflux may cause focal renal scarring (Fig. 15.26). This 
may be unilateral or bilateral, may involve a very small por- 
tion of a kidney or nearly the entire organ. The scarring has 
a predilection to appear in the poles, especially the upper 
poles. Because the scarring involves focal thinning of the re- 
nal parenchyma that extends from the renal capsule into the 
calyx, inward retraction of the renal margin and outward re- 
traction of the papillary regions appear. The normal surface 
of the papilla, which produces the concave outer margin of 


opacified calyx, becomes flattened or even convex (Fig. 
15.27). Focal calyceal blunting with associated parenchymal 
thinning resulting from reflux is difficult or impossible to 
distinguish from that which may be caused by calyceal stone 
disease. 


FIGURE 15.26. Reflux nephropathy. Excretory urogram showing 
parenchymal scarring and blunted calyces most marked at the 
upper and lower poles. 


il 


FIGURE 15.27. Vesicoureteral reflux. Cystogram in a female pa- 
tient showing low-pressure grade 4 reflux into dilated pelvica- 
lyceal systems. 
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Retroperitoneal Fibrosis 
Ovarian Vein Syndrome 
Pregnancy Dilation 
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Procidentia 
Ureteral Herniation 
Ureteral Stricture 
Ureteral Fistulae 


The ureter is a thin-walled muscular tube that transports 
urine from the kidney to the bladder. The ureter keeps the 
pressure in the renal collecting system low, which is essential 
for normal function of the kidney. Radiologic studies are the 
primary methods for investigating morphologic and func- 
tional abnormalities of the ureter. 


PHYSIOLOGY 


The ureter transports urine from the renal pelvis to the blad- 
der through a series of peristaltic contraction waves. Each 
contraction is preceded by a wave of depolarization of the 
smooth muscle membranes. These depolarization waves are 
generated from a site in the renal pelvis (the “pacemaker”) 
and spread from this point throughout the collecting system 
and down the ureter to the bladder. The depolarization 
causes coordinated contraction of the smooth muscle. The 
frequency of the depolarization and contraction waves is 
proportional to the rate of urine output ftom the kidney, 
and is probably mediated by the degree of distention of the 


renal pelvic wall: the faster urine is made, the more rapidly 
the walls stretch, and the more frequently the pacemaker 
fires. In the normal ureter, each wave completely coapts the 
inner surfaces of the wall, so that the bolus of urine inferior 
to it is propelled ahead of the contraction wave. 

The timing of the contraction waves in one ureter is in- 
dependent of the other, and the ureter is usually empty be- 
tween boluses, so that individual urographic images may re- 
veal segments of ureter to be completely empty of urine. As 
the rate of urine formation increases, there is an increase in 
both the frequency and volume of each peristaltic contrac- 
tion. During maximal diuresis, the ureter may be filled with 
opacified urine so quickly that individual contraction waves 
do not form and the entire ureter fills with urine flowing 
from the pelvis to the bladder as a continuous column. 

With normal rates of urine flow, the renal pelvic pressure 
stays low and coaptation of the ureteral walls prevents urine 
from flowing retrograde back into the renal pelvis. The 
ureterovesical junction (UVJ), which normally acts as a one- 
way valve and completely prevents retrograde flow, keeps 
urine from flowing from the bladder into the ureter, even 
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when the ureteral musculature is relaxed. The ability of 
ureteral peristalsis and a competent ureterovesical valve to 
keep pressure in the renal pelvis low is crucial: elevated renal 
pelvic pressure reduces renal medullary blood flow, which 
normally takes place through the relatively low-pressure vasa 
recta, and thus compromises renal function. 


URETERAL OBSTRUCTION 
Acute Obstruction 


Acute obstruction of the ureter leads almost immediately to 
an increase in urine pressure proximal to the obstruction. 
The level to which the pressure increases depends on the de- 
gree and duration of the obstruction, the health of the af- 
fected kidney, and whether forniceal rupture decompresses 
the system. A transient increase in renal blood flow may oc- 
cur, but is quickly followed by reductions in renal blood 
flow, glomerular filtration, and renal concentrating ability. 

High-grade acute obstruction may sufficiently increase ca- 
lyceal pressure to rupture a calyceal fornix, with escape of urine 
into the renal sinus. This urine may dissect through the sinus, 
escape through the renal hilus, and diffuse along periureteral 
and other planes in the retroperitoneum. This escaped urine is 
usually absorbed into capillaries or lymphatics and returned to 
the general circulation. In most cases, the resorption is com- 
plete, but in rare instances the urine may form a discrete collec- 
tion, become encapsulated, and persist as a urinoma. Rarely, 
usually in very young children, the urine may flow into the peri- 
toneal cavity and form urinary ascites. The resorption of formed 
urine, termed renal backflow, is the primary mechanism by 
which the kidney is protected from the deleterious effect of 
acute obstruction. The four components of renal backflow are: 
pyelosinus backflow, pyelotubular backflow, pyelolymphatic 
backflow, and pyelovenous backflow. Of these, pyelovenous 
backflow is thought to be the most important quantitatively. 

Peristalsis of the collecting system and ureter is dimin- 
ished proximal to an acute obstruction. Distention of these 
structures is limited in acute obstruction, even if severe. 
Only long-standing elevation of intraluminal pressure leads 
to marked dilation of the ureter and collecting system. 

If acute obstruction is relieved within a few days, the 
anatomy and physiology usually return to normal. The ureter 
and collecting system reverse their distention and reacquire a 
normal peristaltic pattern. There is little or no persistent renal 
anatomic abnormality, and blood flow and urine formation 
return to normal. However, urine concentrating ability may 
remain diminished for several days after relief of obstruction. 


TYPES OF INTRARENAL BACKFLOW 


m Pyelosinus 

m Pyelovenous 

a Pyelolymphatic 
m Pyelotubular 


The precise length of time that the kidney can tolerate 
periods of acute obstruction without permanent loss of 
function is not known. In patients suffering iatrogenic 
ureteral injury, however, return of at least some renal func- 
tion has been described with periods of obstruction ranging 
from weeks to months. 


Chronic Obstruction 


Long-standing, complete ureteral obstruction progressively 
reduces renal blood flow and glomerular filtration. As ob- 
struction continues, there is a progressive atrophy of the re- 
nal parenchyma as a result of increased back-pressure (ob- 
structive atrophy). 

Persistent, incomplete obstruction causes changes that 
are quantitatively and qualitatively different. Some tubular 
atrophy appears, but glomeruli usually remain. Con- 
centrating capacity is diminished, and although the urine 
flow may be variable, with persistent severe obstruction 
it tends to decrease. Initial loss of renal tissue is more severe 
in the medulla, so that even though the parenchyma 
thins, the outer dimensions of the kidney may not diminish 


TABLE 16.1. ETIOLOGY OF CHRONIC 
URETERAL OBSTRUCTION 


Congenital lesions 
Ureteropelvic junction obstruction 
Ectopic ureterocele 

Inflammatory conditions 
Tuberculosis 
Schistosomiasis 
Crohn's disease 
Pelvic inflammatory disease 
Pelvic abscess 

Trauma 

Tumors 
Primary ureteral tumors 
Retroperitoneal tumors 
Lymphadenopathy 
Metastases 

Miscellaneous 
Ovarian vein syndrome 
Primary megaureter 
Pregnancy 
Retroperitoneal fibrosis 
Lymphocele 

Urinoma 
Calculus 
lliac artery aneurysm 
Uterine prolapse 

Lower urinary tract conditions 
Bladder tumor 
Neurogenic bladder 
Inflammatory lesions of the bladder 
Benign prostatic hypertrophy 
Prostate cancer 
Pelvic lipomatosis 
Urethral obstruction 


and may even increase. The greatest degree of cortical thin- 
ning and renal expansion takes place with moderately severe 
obstruction that has been present since birth. 

Chronic obstruction (Table 16.1) also produces increas- 
ing dilation of the ureter and the collecting system proximal 
to the obstructing lesion. The amount of dilation varies 
greatly from case to case. In general, the dilation increases 
both with the duration of obstruction and as a direct func- 
tion of the intraluminal pressure. The most severe dilation, 
therefore, does not happen with very mild obstruction or 
with complete obstruction (after which urine formation 
tends to cease), but rather at an intermediate state in which 
the degree of obstruction increases intraluminal pressure but 
does not cause immediate severe oliguria. 

If a lesion causing chronic obstruction resolves or is 
cured, the dilation tends to decrease. Morphologic changes 
in the renal parenchyma recover little, if at all, but the col- 
lecting system and ureter may diminish in diameter. They 
do not, however, return to normal if significant stretching of 
their walls has occurred. 

Urinary obstruction at the level of the bladder outlet may 
cause abnormalities of the kidneys, collecting systems, and 
ureter similar to those produced by chronic partial ureteral 
obstruction. This process occurs when bladder pressure in- 
creases above the level at which ureteral peristalsis can com- 
pletely expel each bolus into the bladder lumen; ureteral 
pressure begins to increase and the ureteral, pyelocalyceal, 
and renal changes described above begin to appear. 
Hydronephrosis is usually bilaterally symmetrical or nearly 
so when it is caused by bladder outlet obstruction. 
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Imaging of Acute Obstruction 


UROGRAPHIC FINDINGS IN ACUTE 
OBSTRUCTION 


m Increasingly dense nephrogram 

m Delayed pyelogram 

m Calyeceal blunting/dilation of the collecting 
system 

w Mild renal enlargement 


Abdominal radiography rarely contains direct evidence 
of renal abnormalities, but may reveal ureteral stones that 
cause acute obstruction. 

The abnormalities seen at excretory urography are vari- 
able. If the obstruction is very mild, the nephrogram and ca- 
lyceal opacification may be normal, with minimal uretero- 
caliectasis as the only sign of obstruction. With more severe 
obstruction, the nephrogram is delayed in onset, and be- 
comes progressively more intense and more persistent than 
the normal nephrogram (Fig. 16.1). This “obstructive 
nephrogram” may demonstrate faint radial striations due to 
contrast medium (termed “medullary rays”) within the col- 
lecting ducts and tubules. The kidney often is slightly larger 
than normal. 

When the obstruction is sufficiently severe to cause ipsi- 
lateral oliguria, the calyces opacify later than those of the 
normal kidney and the opacified urine proceeds through the 


FIGURE 16.1. Obstructive nephrogram. A: A delayed film from an excretory urogram demon- 
strates an obstructive nephrogram on the right. B: Computed tomography scan showing an ob- 
structive nephrogram on the left with nonopacified urine filling the calyces and renal pelvis. 
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collecting system and ureter at a slower rate than normal. 
The delay in appearance of the pyelogram may be as long as 
24 hours. This is due to the oliguria, the absence of peristal- 
sis, and the increased intraluminal volume proximal to the 
obstruction. The contrast medium is less concentrated on 
the obstructed side, but may persist proximal to the ob- 
struction for hours after the contralateral normal side has 
washed its contrast medium away. 

A completely obstructed kidney that has become anuric 
may not opacify its collecting system at all, but if calyceal 
opacification occurs, serial films should be taken until the 
level of the obstructing lesion is demonstrated. This demon- 
stration requires that two sequential films reveal no progres- 
sion of opacification or that, on a single film, the level of 
opacification reaches a directly visualized obstructing lesion, 
such as a stone. Demonstration of opacification to the level 
of obstruction may require several hours. Delayed films may 
reveal opacification of the gallbladder as a sign of vicarious 
excretion of urographic contrast. 

The collecting system and ureter are dilated as far inferi- 
orly as the point of obstruction, but this dilation is usually 
not severe in cases of acute obstruction, unless the obstruc- 
tion is superimposed on a collecting system that has already 
been stretched by prior episodes of obstruction or vesi- 
coureteral reflux. The calyceal fornices are always blunted to 
some degree. Indeed, visualization of sharply angular for- 
nices virtually excludes even mild obstruction. (Fig. 16.2). 

If forniceal rupture occurs, opacified urine dissects 
through the tissues of the renal sinus (pyelosinus extravasa- 
tion) (Figs. 16.3 and 16.4). This opacified urine is usually 
feathery in appearance, and may dissect through the renal 


hilus into the perirenal (Fig. 16.5) and periureteral spaces in 
the retroperitoneum. 

Retrograde ureterography may permit the diagnosis of 
acute complete obstruction if the ascending column of con- 
trast medium encounters a lesion that completely occludes 
the ureter. When the obstructing ureteral lesion permits 
contrast medium to flow superiorly past it, the collecting 
system and ureter proximal to the obstructing lesion may be 
seen to be slightly dilated. Retrograde contrast injection may 
increase the pressure beyond that caused by the obstruction 
alone, with consequent exacerbation of the dilation. 
Delayed films may reveal contrast medium injected superior 
to an obstructing lesion to wash out quite slowly, because of 
the increased volume proximal to the obstruction and be- 
cause of the associated oliguria. 

During retrograde pyelography, the pressure of contrast 
medium in the collecting system may be transiently elevated 
by a vigorous injection so that the contrast flows retrograde 
into the tubules (pyelotubular backflow) (Fig. 16.6) or rup- 
tures into the renal sinus. Under the latter circumstance, the 
contrast medium may be seen in the veins (pyelovenous 
backflow) (Fig. 16.7) or lymphatics (pyelolymphatic back- 
flow) (Fig. 16.8). 


Computed Tomography 


Computed tomography (CT) reveals many of the same ab- 
normalities that excretory urography demonstrates in pa- 
tients with acute ureteral obstruction (Figs. 16.1B and 
16.4). The abnormal nephrogram, mild ureteral and pyelo- 
calyceal dilation, and extracalyceal dissection of contrast 


FIGURE 16.2. A: Normal excretory urogram. There is no obstruction and the fornices are very 
sharp. B: Minimal obstruction. Although there is no gross caliectasis, the fornices are blunted, 


which indicates mild obstruction. 


FIGURE 16.3. An excretory urogram demonstrates extensive 
left-sided pyelosinus extravasation in a patient with acute ob- 
struction secondary to a distal ureteral calculus. 


from forniceal ruptures are well demonstrated. In unusual 
cases in which escaped urine forms a urinoma, CT may re- 
veal a fluid-filled, thin-walled cystic structure near the kid- 
ney. CT has a lower spatial resolution than film—screen 
urography, so that the striations of the obstructive nephro- 
gram and details of dilation of the fornices are not seen. 
Because minimal forniceal dilation may be the only abnor- 


FIGURE 16.4. Pyelosinus extravasation. A computed tomogra- 
phy scan demonstrates a collection of extravasated contrast 
medium (arrow) adjacent to the renal pelvis in a patient with dis- 
tal ureteral obstruction. 
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FIGURE 16.5. Urinoma. A discrete extracalyceal collection of 
contrast material (arrow) is seen in this patient with ureteral ob- 
struction due to a calculus. 


mality in patients with mild obstruction, CT is less accurate 
than urography in making this diagnosis. 


Radionuclide Studies 


The mechanism of excretion of diethylenetriaminepen- 
taacetic acid (DTPA) is identical to that of urographic con- 
trast agents, so that scintigraphy reveals abnormalities that 
reflect those seen on excretory urography. The activity in the 
renal parenchyma increases more slowly in an acutely ob- 


FIGURE 16.6. Pyelotubular backflow. A retrograde pyelogram 
demonstrates streaky collections of contrast medium in the distal 
collecting ducts extending from the minor calyces; this has oc- 
curred in the regions of the upper pole and superolateral seg- 
ment. 
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FIGURE 16.7. Pyelovenous backflow. Contrast medium is seen in 
the renal vein (V) as well as the lymphatics and renal sinus during 
this retrograde pyelogram. 


structed kidney than in a normal one, and maintains its peak 
intensity longer. The peak intensity may or may not be 
greater than the peak of the normal side. The isotope ap- 
pears in the collecting system more slowly than on the nor- 
mal side, the peak calyceal activity is protracted, and its 


FIGURE 16.8. Pyelolymphatic backflow. Retrograde pyelogram 
demonstrating filling of lymphatic channels (arrow). 


greatest intensity is variable. The advancing margin of iso- 
tope moves slowly along the ureter to the point of obstruc- 
tion, and displays a protracted washout. If forniceal rupture 
has occurred, the isotope may be seen in the perinephric 
space. 


Ultrasound 


With the introduction of duplex and color Doppler, the ul- 
trasound diagnosis of acute ureteral obstruction has become 
increasingly accurate. Pyelocalyectasis may be demonstrated 
in patients with acute ureteral obstruction (Fig. 16.9). 
Echo-free regions in the renal sinus corresponding to dilated 
calyces, infundibuli, and the pelvis may be observed. This is 
still the most useful finding, but it may produce both false- 
positive and false-negative results. The ranges of volumes of 
normal and acutely obstructed pyelocalyceal systems signif- 
icantly overlap. False-negative results may occur when a 
small, acutely obstructed collecting system has not suffi- 
ciently dilated to be recognized as abnormal or when pyelo- 
calyceal decompression occurs because of forniceal rupture. 
Furthermore, a normal system may be voluminous, or an 
abnormal system may be slightly dilated but not obstructed. 
Other fluid-filled structures may mimic dilated collecting 
systems, including renal hilar vessels (which may be identi- 
fied by demonstrating flow using color Doppler), renal si- 
nus cysts (which may be suspected from the inability to 
demonstrate dilated infundibuli connecting with a dilated 
pelvis), and a normal collecting system that has been slightly 
distended because of an extremely full bladder (which can 
be diagnosed by reexamination after voiding). These poten- 
tial pitfalls notwithstanding, the demonstration of calyceal 
dilation by ultrasound remains the most useful sign of acute 
ureteral obstruction in patients whose clinical picture sug- 
gests it. 


FIGURE 16.9. Mild ureteral obstruction. Sonography shows the 
dilated calyces as round, echo-poor regions (arrows) in the renal 
sinus. (From Amis ES Jr, Newhouse JH. Essentials of uroradiology. 
Boston: Little, Brown and Co, 1991:237, with permission) 


Dilation caused by obstruction usually involves the entire 
ureter proximal to the obstructing point. The most proxi- 
mal ureter may be seen while the kidney is examined, but 
the midureter is usually obscured by overlying bowel. 
However, transvesical ultrasound of the distal ureters may 
demonstrate dilation when the obstruction is at or near the 
UV], and the lesion itself (e.g., a ureteral stone) may be 
demonstrated as well. Also, color Doppler ultrasound may 
be used to observe a jet of urine expelled into the bladder by 
a peristaltic wave (“ureteral jet”). While such jets may be 
seen in cases of proximal partial ureteral obstruction, when 
prolonged observation fails to demonstrate any jet, the ipsi- 
lateral kidney can be assumed to be anuric and (in the ab- 
sence of other reasons for anuria) affected by high-grade or 
complete ureteral obstruction. 

Pulsed Doppler ultrasound of intrarenal arteries may 
demonstrate abnormalities of arterial flow of kidneys af- 
fected by acute ureteral obstruction. In many acutely ob- 
structed kidneys, diastolic flow velocity undergoes a rela- 
tively greater decrease than does systolic flow, with a 
consequent increase in the resistive index. Measurement of 
resistive indices alone cannot be used to diagnose obstruc- 
tion; a chronically obstructed kidney may not have an ele- 
vated resistive index, and kidneys with a variety of intrinsic 
parenchymal or small-vessel diseases may have elevated re- 
sistive indices without obstruction. However, when resistive 
index measurements are combined with other ultrasound 
findings and when symmetry is analyzed, the measurement 
is of considerable aid in distinguishing obstructed from 
nonobstructed kidneys. 


Magnetic Resonance Imaging 


Relatively little work has been done with magnetic reso- 
nance imaging (MRI) in patients with acute ureteral ob- 
struction. Pyeloureteral distention may be visualized and, 
because the pharmacokinetics of gadolinium-DTPA are the 
same as those of iodinated contrast media, renal parenchy- 
mal and calyceal signal changes might be expected with 
MRI using paramagnetic contrast agents. However, because 
of higher costs and more limited availability, MRI has not 
found a significant place in the clinical diagnosis or exclu- 
sion of ureteral obstruction. 


Etiology of Acute Obstruction 


The most common cause of acute ureteral obstruction is a 
calculus that becomes lodged in the ureter (Fig. 16.10). 
Calculi can obstruct the ureter at any point, but tend most 
frequently to obstruct at the ureteropelvic and ureterovesi- 
cal junctions. Excretory urograms must be carefully scruti- 
nized at the region of the UV] to find the small stones that 
frequently lodge there. Ureteral stones also must be distin- 
guished from pelvic phleboliths, and stones that overlie the 
bony pelvis must not be missed. UVJ stones may produce 
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FIGURE 16.10. Distal ureteral calculus. The left ureter is slightly 
dilated owing to a stone (arrow) impacted at the ureterovesical 
junction. 


focal edema of the intramural ureter, which presents as a 
round filling defect in the bladder (Fig. 16.11) and is some- 
times called a pseudoureterocele. 

When an obstructing stone is passed, the clinical and 
urographic signs of obstruction frequently resolve immedi- 
ately, although in some cases, the UVJ edema may briefly 
prolong the obstruction. Occasionally, a kidney whose 
ureter has been obstructed by a stone may not regain its full 
concentrating capacity for a day or so after the obstruction 
has been relieved, so that a urogram reveals diminished con- 
centration of contrast medium in that kidney’s collecting 


FIGURE 16.11. Edema of ureterovesical junction (arrows) due to 
an impacted stone. The ureter is slightly dilated. 
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FIGURE 16.12. Postobstructive diminished concentration. A 
stone has recently passed down the left ureter. Although the 
configuration of the calyces reveals no persistent obstruction, 
the concentration of contrast on the left side in this urogram is 
diminished. 


system as the only sign of recently relieved obstruction (Fig. 
16.12). Passage of a small calculus during urography is not 
uncommon, and may be aided by the diuretic effect of the 
contrast. When this happens, the patient’s symptoms may 
resolve during the examination, the obstructive nephrogram 
may suddenly disappear, and the ureter may completely fill 
with contrast. 

Blood clots that form in the kidney may cause acute 
ureteral obstruction similar to that produced by calculi. The 
findings are identical to those produced by a nonopaque cal- 
culus. Sloughed papillae and fungus balls may rarely cause 
acute ureteral obstruction. 


INTRALUMINAL FILLING DEFECTS 


m Tumor (benign or malignant) 
m Radiolucent stone (uric acid) 
m Blood clot 

m Sloughed papillae 


Imaging of Chronic Obstruction 
Radiography 


If chronic obstruction has produced severe hydronephrosis, 
the kidney may be visible as a soft-tissue mass in the renal 
fossa. The plain-film radiograph also should reveal any 
opaque stones that might be responsible for the obstruc- 
tion. 


Excretory Urography 


The obstructive nephrogram is not seen in cases of chronic 
obstruction (although it may appear if acute severe obstruc- 
tion is superimposed on chronic milder obstruction). The 
nephrogram may show a diminished peak intensity. The 
nephrogram also reveals atrophy of the renal parenchyma, 
which appears first as loss of the medulla and then of the 
cortex; in the most severe cases, the parenchyma may be 
only a few millimeters thick. The opacification of extremely 
thinned parenchyma produces a “rim” sign. 

Chronic obstruction produces various degrees of pyelo- 
calyceal dilation. During the nephrographic phase, before 
contrast medium enters the urine, the dilated lucent calyces 
are outlined by opacified remaining parenchyma and forma 
“negative pyelogram” (Fig. 16.13). The large volume of 
these calyces, combined with oliguria, may cause their 


FIGURE 16.13. Negative pyelogram. A: An excretory urogram demonstrates lucent regions (ar- 
rows) in the nephrogram of a patient with chronic ureteral obstruction; these regions are dilated 
nonopacified calyces. B: Ultrasound image of the same patient confirms the hydronephrosis. 


opacification to be slow. Occasionally, contrast medium 
forms thin rings, or crescents, at the interfaces of the calyces 
and parenchyma (Fig. 16.14); these are called Dunbar’s 
crescents, and they disappear when the calyces opacify. 
Kidneys whose collecting systems fill slowly because of 
chronic obstruction also display prolonged washout of con- 
trast medium from the collecting system. 

The ureter, as well as the collecting system, becomes di- 
lated proximal to the obstructing lesion; it also tends to be- 
come more elongated and tortuous. Peristalsis may be seen, 
but the contraction waves frequently do not coapt the walls, 
so that the peristalsis is ineffective. 


Retrograde Pyelography 


Retrograde pyelography demonstrates the morphology of 
the dilated collecting system and ureter. As with acute ob- 
struction, increased volume of these structures, along with 
oliguria, may produce delayed washout of the contrast 
medium introduced by retrograde injection. This technique 
is often the procedure of choice to demonstrate the cause 
and extent of the obstruction if it is caused by an intrinsic 
process. 


Computed Tomography 


Computed tomography reflects the same findings visualized 
on urography. The overall renal dimensions may be abnor- 


FIGURE 16.14. Chronic left ureteral obstruction. This nephroto- 
mogram shows calyceal crescents (arrows); these will disappear 
when the collecting system entirely fills with contrast medium. 
(From Amis ES Jr, Newhouse JH. Essentials of uroradiology. 
Boston: Little, Brown and Co, 1991:239, with permission.) 
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FIGURE 16.15. Severe obstructive atrophy. The pyelocalyceal 
system of the right kidney is grossly hydronephrotic, and the re- 
nal parenchyma has been markedly thinned. 


mal; varying degrees of renal parenchymal thinning, and ca- 
lyceal and pelvic dilation may be seen (Fig. 16.15). As with 
urography, the obstructive nephrogram seen with acute 
ureteral occlusion is not demonstrated with chronic ob- 
struction. Because CT is performed with the patient lying 
supine, the calyces may be shown to opacify from posterior 
to anterior, since contrast medium is heavier than urine and 
since there is no active peristaltic mixing. CT is often the 
procedure of choice for demonstration, if the obstruction is 
caused by an extrinsic process. 


Ultrasound 


Sonography is highly reliable in the detection of chronic 
ureteral obstruction by demonstrating pyelocaliectasis; sen- 
sitivities ranging from 93% to 100% have been reported. 
Pyelocaliectasis appears as echo-free regions in the center of 
the kidney conforming to the anatomy of the collecting sys- 
tem (Fig. 16.13B) and, as with acute obstruction, ureteral 
dilation also may be shown. Abnormal resistive indices may 
be seen, but are less reliable in chronic than acute obstruc- 
tion because chronically obstructed kidneys may lack the el- 
evated intracalyceal pressure associated with abnormal 
Doppler measurements. False-positive ultrasound findings 
may occur; the collecting system may appear dilated in pa- 
tients who are not obstructed but who have extrarenal 
pelves, vesicoureteral reflux, or persistent changes due to ob- 
struction that has been relieved. Also, renal sinus cysts may 
masquerade as dilated calyces. Severe hydronephrosis and 
multicystic dysplastic kidneys may be difficult to distinguish 
from each other. 


Radionuclide Studies 


As in cases of acute obstruction, radionuclide examinations 
in chronic obstruction display findings similar to those seen 
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on urography or CT as long as a compound is used that is 
excreted by the kidney in the same way as contrast medium 
(Fig. 16.16). The uptake of activity in the renal parenchyma 
may be slowed; its peak may be delayed when compared 
with that of the normal kidney, but the intensity of isotope 
in the parenchyma never exceeds that seen on the normal 
side. Activity appears within the collecting system more 
slowly than normal; by nature of the increased collecting- 
system volume, however, the total amount of activity seen 
within it may, at its peak, be considerably greater than that 
ever seen on the normal side. Washout from the collecting 
system is prolonged, and progression of the leading edge of 
isotope down the ureter may be slow. 

Although in many patients with upper tract dilation it is 
easy to determine whether the abnormalities are associated 
with ongoing obstruction, some cases with varying degrees 
of pyelocaliectasis or ureterectasis may not be accompanied 
by a partially obstructing lesion. Most frequently, these pa- 
tients had previously experienced ureteral obstruction that 
has subsequently been relieved but the dilation has not com- 
pletely resolved. Less frequently, patients may have upper 
tract dilation caused by vesicoureteral reflux that has re- 
solved or been repaired, or may even have innate ureteral ab- 
normalities such as the prune-belly syndrome. In these pa- 
tients, diagnosis or exclusion of concomitant obstructing 
lesions is important. If the ureters are obstructed, the of- 


FIGURE 16.16. Right hydronephrosis: scintigram. The right kid- 
ney reveals hydronephrosis and activity that increases with time; 
the normal left side reaches its peak activity early and then di- 
minishes in intensity. This pattern is consistent with chronic ob- 
struction or hydronephrosis without obstruction. (From Amis ES 
Jr, Newhouse JH. Essentials of uroradiology. Boston: Little, 
Brown and Co, 1991:240, with permission.) 
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FIGURE 16.17. Diuretic renogram. The renogram curve of the 
right kidney shows an ascending slope; however, after adminis- 
tration of the diuretic (arrow) a prompt decline in activity occurs. 
The left kidney shows a normal response to the diuretic. 


fending lesion may need surgical correction to prevent dete- 
rioration of renal function. If the ureters are not obstructed, 
unnecessary surgery can be avoided. In these cases, a 
Whitaker test (ureteral perfusion) or a diuretic renogram 
may be used to distinguish obstructed from nonobstructed 
systems. 

To perform the diuretic renogram, a diuretic is adminis- 
tered (usually furosemide, 40 mg intravenously) when a 
large amount of isotope has accumulated within the affected 
collecting system. If the isotope washes out very rapidly af- 
ter the diuretic is administered, the system is not obstructed 
(Fig. 16.17). If the isotope in the collecting system remains 
at a high level or even increases in amount (Fig. 16.18), 
ureteral obstruction is presumed to be present. In some in- 
termediate cases, very slow washout of isotope after diuretic 
administration produces an intermediate pattern of the 
time—activity curve, so that the presence or absence of ob- 
struction cannot be determined. Some patients with inde- 
terminate curves may convert to diagnostic washout pat- 
terns if the test is repeated and the diuretic is administered 
20 minutes before rather than several minutes after the iso- 
tope is given. 

Diuretic renography rests on the proposition that nonob- 
structed kidneys respond to the drug with a diuresis, 
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FIGURE 16.18. Diuretic renogram showing obstruction. 
Following administration of the diuretic (arrow), the activity in 
the right kidney shows an ascending slope. 


whereas obstructed kidneys cannot. This is not always the 
case. A severely damaged but nonobstructed kidney may not 
be able to increase its urine flow even when a diuretic is ad- 
ministered, and some mildly obstructed kidneys may re- 
spond with considerable diuresis. The test is, therefore, not 
perfectly accurate in distinguishing obstructed from nonob- 
structed dilated systems, but it is still commonly used, pri- 
marily because it is noninvasive. 

Nuclear medicine studies also are useful in obstructive 
disease in conditions in which a severely hydronephrotic 
kidney may be resected or may have its obstructing lesion re- 
paired. Measures of the accumulation of isotope within the 
two kidneys provides an estimate of the fraction of total re- 
nal function contributed by each kidney. When such surgi- 
cal decisions need to be made, an alternate approach is to 
treat the obstruction temporarily with a percutaneous 
nephrostomy tube; after several weeks of relief, the ob- 
structed kidney may have regained most of the function it 
might acquire after surgical repair, so that radioisotopic es- 
timates of fractional renal function may be more accurate. 
CT, ultrasound, and nephrotomography may all contribute 
to this decision as well; each of these studies is able to pro- 
vide an estimate of the volume of remaining parenchyma 
and provide at least a semiquantitative estimate of the max- 
imum amount of function an affected kidney might have. 


Magnetic Resonance Imaging 


Chronically obstructed kidneys may be demonstrated by 
MRI so that their morphologic characteristics become clear. 
The corticomedullary distinction usually seen on Tl- 
weighted images may disappear because the medulla often is 
destroyed. The dilated calyces are seen as low-signal-inten- 
sity regions on T 1-weighted images and as bright regions on 
T2-weighted images. 


Ureteral Perfusion 

The ureteral perfusion study was initially developed by 
Robert Whitaker, a British urologist, and often is called the 
Whitaker test. It is based on the proposition that the in- 
creased resistance to flow of fluid along the ureter caused by 
ureteral obstruction may be directly assessed by simultane- 
ously measuring the pressures in the renal pelvis and bladder 
while fluid is flowing from the pelvis to the bladder at a 
known rate. Fluid is pumped through a nephrostomy tube 
or needle into the renal pelvis at a given rate, and as it flows 
from the pelvis along the ureter to the bladder, the pressures 
in the pelvis and bladder soon reach constant levels at which 
they can be measured. The most commonly used perfusion 
rate is 10 mL per minute. This perfusion rate is sufficiently 
high and the addition of the kidney’s urine to the fluid flow- 
ing along the ureter is relatively small, so that the toral 
amount of fluid flowing along the ureter can be assumed to 
be almost identical to the 10 mL per minute pumped into 
the pelvis. 
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The test requires access to the renal pelvis and bladder. 
Access to the renal pelvis is usually gained by puncturing the 
collecting system with a 22-gauge needle or small catheter, 
whereas the bladder is accessed by urethral catheterization. 
The examination is preceded by a voiding cystourethrogram 
to exclude vesicoureteral reflux. The examination is usually 
performed with the patient prone on a fluoroscopy table. 
Fluid, usually normal saline to which enough contrast 
medium has been added that fluoroscopy and radiography 
during the exam can produce a high-quality pyelouretero- 
gram (Fig. 16.19), is pumped into the renal pelvis at 10 mL 
per minute. Pressure in the renal pelvis and bladder should 
be measured frequently; either simple manometers or pres- 
sure transducers can be used. If a single needle has been used 
to puncture the collecting system, perfusion must be 
stopped for the few seconds necessary to measure pressure. 
Alternately, two needles or a dual-channel needle can be 
used, so that pressure can be monitored as perfusion con- 
tinues. In either case, perfusion should be continued until 
the pressures in the renal pelvis and bladder reach a steady 
state, so that the difference between them is constant. In pa- 
tients with massive hydronephrosis and hydroureter, as 
many as 15 to 20 minutes may be needed to reach steady 
state. 

Differential pressures (renal pelvis pressure minus blad- 
der pressure) of 10 cm of water or less are normal and those 
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FIGURE 16.19. Right distal ureteral obstruction. Antegrade 
pyelography is performed through a needle in the collecting sys- 
tem. A Whitaker test also is being performed; as contrast 
medium is perfused through the ureter, the pressure in the right 
collecting system has increased, which confirms obstruction. 
(From Amis ES Jr, Newhouse JH. Essentials of uroradiology. 
Boston: Little, Brown and Co, 1991:242, with permission.) 
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above 20 cm of water are abnormal. Whether pressures be- 
tween 10 and 20 cm of water constitute an equivocal range 
or may contain a narrowly defined threshold denoting par- 
tial obstruction remains controversial because relatively few 
studies have been conducted with normal ureters. Pfister 
and Newhouse suggest that differential pressures of less than 
12 cm of water are normal, those between 12 and 14 cm of 
water are equivocal, and those greater than 15 cm of water 
indicate at least some degree of obstruction. 


Angiography 


Angiography is not performed to assess ureteral obstruction, 
but occasionally an arteriogram performed for other reasons 
may demonstrate a hydronephrotic kidney. If the renal 
parenchyma has been severely reduced by obstructive atro- 
phy, the main renal artery and its branches may be dimin- 
ished in diameter to a degree reflecting the diminished renal 
blood flow. Arterial branches in the renal sinus may be 
splayed around the dilating collecting system. The nephro- 
gram phase will reveal the parenchyma to be thinned, and 
the nephrogram intensity may be diminished. 


IDIOPATHIC URETERAL DILATION 


Normal peristalsis produces changes in ureteral diameter; a 
bolus of urine in a noncontracted portion of ureter may ex- 
pand the ureteral lumen to a diameter up to 8 mm. In some 
patients, a segment of the middle one-third of the ureter su- 
perior to the crossing of the iliac vessels may be slightly di- 
lated (Fig. 16.20); this appearance is called the midureteral 
spindle. 


Primary Megaureter 


Primary megaureter, also known as congenital megaureter, 
refers to a dilated ureter not caused by obstruction or reflux, 
and is an uncommon entity. It is probably caused by a func- 
tional abnormality of the juxtavesical ureter, which fails to 
transmit normal peristalsis and which is less distensible than 
normal. A characteristic beak-like configuration of the distal 
ureteral segment is seen during urography, and dilation of the 
ureter proximal to this adynamic segment also is seen. This 
ureteral dilation is characteristically more severe in the distal 
part of the ureter than in the proximal portions, but dilation 
may extend as far proximally as the calyces. These cases have 
been classified as follows: (a) grade I, in which the dilation is 
limited to the distal one-third of the ureter (Fig. 16.21); (b) 
grade II, in which the dilation extends into the proximal 
ureter (Fig. 16.22), with or without mild caliectasis; and (c) 
grade III, in which the entire ureter is dilated and there is 
moderate to severe caliectasis (Fig. 16.23). The most severe 
cases probably result from distal ureteral narrowing suffi- 
ciently severe to cause functionally significant obstruction. 


FIGURE 16.20. Midureteral spindle. 


Primary megaureter may be seen either in children or 
adults. It is typically asymptomatic and found as an inci- 
dental finding when a urogram is performed for another in- 
dication. In those with symptoms referable to the urinary 
tract, infection, pain, and hematuria have all been reported 
in association with this condition. Other urinary abnormal- 
ities, including ureteropelvic junction (UPJ) obstruction 
and contralateral renal agenesis may be associated with pri- 
mary megaureter. The condition is unilateral in two-thirds 


FIGURE 16.21. Primary megaureter—grade I. 


FIGURE 16.22. Primary megaureter—grade Il. 


of the reported cases and there is a slight male preponder- 
ance in the reported series. 

A kind of primary megaureter may exist in certain con- 
genital abnormalities, such as the Eagle-Barrett or prune- 
belly syndrome (Fig. 16.24), or because of chronically high 
urine flows, which may be encountered in patients with un- 
treated diabetes insipidus. 


FIGURE 16.23. Primary megaureter—grade Ill. 


Chapter 16: The Ureter 327 


FIGURE 16.24. Prune-belly syndrome. Excretory urography re- 
veals tortuous dilated ureters. 


CAUSES OF URETERAL DILATION 


ion; acute, chronic, or 


URETERAL COURSE 


The normal ureter begins at its junction with the renal 
pelvis, leaves the kidney through the hilus opposite the L-1 
to —L-2 interspace, and descends to the true pelvis within 
the perirenal space. The proximal ureter often begins lateral 
to the psoas muscle, and, as it descends, moves anterior and 
then medial to it. It descends at first within Gerota’s fascia, 
which it leaves at approximately L-4 to —L-5, where it 
crosses anterior to the common iliac artery. Urography in 
the anteroposterior projection usually reveals the midureter 
to be superimposed on the lateral portion of the transverse 
processes of the vertebrae; however, the position of the 
ureter is normally quite variable, and it may run as far me- 
dially as the vertebral pedicles or be lateral to the transverse 
processes. Within the true pelvis, the ureter takes a gentle 
posterolateral course approximately to the level of the iliac 
spine, and then runs anteromedially to enter the bladder. 
Lateral deviation of the ureter should be considered when 
the proximal two-thirds of the ureter is found more than 1 
cm lateral to the margin of the transverse processes of the 
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FIGURE 16.25. Transverse ureteral folds. There is no obstruc- 
tion. 


lumbar vertebral bodies; medial deviation is present when 
the ureter overlaps or is projected medial to the pedicles of 
these vertebrae. 

In patients with ptotic kidneys the ureter may be tortu- 
ous in its proximal course. Tortuous ureters may undergo 
relatively sharp bends, and at points of maximum curvature, 
they may seem to have kinks or webs transversing them (Fig. 
16.25); these kinks do not obstruct the ureter. Unusually 
large psoas, referred to as “psoas hypertrophy,” muscles may 
deviate the course of the ureters. In this case, the proximal 
ureter lies at the lateral margin of the muscle, but then jogs 
medially to a position anterior to it; the proximal ureters 
thus seem to be laterally deviated, whereas the more distal 
portions are anteriorly and medially deviated (Fig. 16.26). 

Ureteral deviations may be grouped according to 
whether the displacement affects the proximal, middle, or 
distal one-third of the ureter. 

Space-occupying lesions that arise from the medial aspect 
of the lower renal poles may deflect the ureters medially. 
Lateral displacement of the proximal one-third of the ureter 
is most commonly caused by enlarged retroperitoneal 
lymph nodes (Fig. 16.27); malrotated kidneys also may lat- 
erally displace the proximal ureter. 

The most common cause of lateral displacement of the 
middle one-third of the ureter is retroperitoneal lymph node 
enlargement. An abdominal aortic aneurysm also may dis- 
place the midureter laterally, especially on the left; rarely, an 
abdominal aortic aneurysm may pull the ureter medially. As 
the ureter crosses the iliac artery, it may be displaced anteri- 
orly, especially if the artery is tortuous or contains an 


aneurysm. 


FIGURE 16.26. Medial deviation of the distal one-third of the 
right ureter (arrow) is caused by iliopsoas hypertrophy. 


Medial deviation of the middle one-third may be related 
to retroperitoneal tumors or fluid collections that are lateral 
to the ureter or to a congenital retrocaval ureter. 

Deviations of the distal one-third of the ureter are more 
common. Frequently, a bladder diverticulum may deviate 
the distal ureter anteromedially (Fig. 16.28). Enlarged iliac 
lymph nodes may medially displace the ureter, as may pelvic 
lipomatosis, retroperitoneal pelvic hematomas, and severe 
uterine and/or bladder prolapse. When there has been ex- 
tensive retroperitoneal surgical dissection, as in radical ab- 
dominoperineal resection for rectal carcinoma, the ureters 
may follow an abnormally medial course because the normal 
retroperitoneal support for them has been lost. 

Lateral displacement of the pelvic ureter may accompany 
a variety of central pelvic masses, particularly those of gyne- 
cologic origin, such as uterine leiomyomata. Focal lateral de- 
viations of the ureter may occur in patients with pelvic her- 
nias that contain a segment of the ureter (Fig. 16.29). 


MEDIAL DEVIATION OF THE 
DISTAL URETER 


w Posterolateral bladder diverticulum 

m Enlarged iliac lymph nodes 

m Tortuosity or aneurysmal dilation of the iliac 
artery 

m Pelvic lipomatosis 

m Status post-abdominoperineal resection 

m Uterine prolapse 
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FIGURE 16.27. Ureteral deviation due to lymphadenopathy. A: An 
excretory urogram shows lateral deviation of the proximal left ureter 
and medial deviation of the distal left ureter. Computed tomography 
scans at the level of the kidneys (B) and bladder (C) demonstrate 
massive retroperitoneal lymphadenopathy. 
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FIGURE 16.28. Bladder diverticulum. A: The left distal ureter courses medially. B: After the pa- 
tient voids, the bladder diverticulum, which has displaced the ureter, is opacified. 


FIGURE 16.29. Sacrosciatic ureteral herniation. A “hair pin” de- 
viation of the left distal ureter (arrow) is seen. 


VESICOURETERAL REFLUX 


Normally, bladder urine is prevented from refluxing into 
the ureter by the UVJ, which acts as a one-way valve. The 
distal ureter traverses the muscular bladder wall at an angle, 
and then continues in the space just deep to the bladder ep- 
ithelium and empties into the bladder at the ureteral orifice 
(Fig. 16.30). The pressure of bladder urine against the 
subepithelial tunnel effectively keeps the ureter closed, ex- 
cept when ureteral peristalsis actively pushes a bolus through 
it. This valve prevents reflux through a wide range of blad- 


der pressures: if the valve is anatomically normal, even the 
high pressure induced by voiding or retrograde instillation 
of fluid into the bladder does not cause reflux. 

In infants, the bladder wall is thin and the intramural 
course of the ureter is short, so that only a small change from 
the normal anatomy may be sufficient to cause the valve 


FIGURE 16.30. Diagram of ureterovesical junction. A: Normal— 
the ureter traverses the muscle wall (shaded) at an angle and 
courses submucosally before emerging at the orifice. This 
anatomy produces a competent valve. B: Refluxing—there is no 
submucosal ureteral course; vesicoureteral reflux occurs. (From 
Amis ES Jr, Newhouse JH. Essentials of uroradiology. Boston: 
Little, Brown and Co, 1991:246, with permission.) 


mechanism to fail and reflux to occur. With normal growth 
and maturation, the UVJ approaches the normal adult con- 
figuration, so that vesicoureteral reflux diminishes in preva- 
lence during early childhood. In some patients in whom re- 
flux persists, vesicoureteral reflux may diminish in severity. 

Primary vesicoureteral reflux is caused by an abnormality 
limited to the UVJ, and is congenital and familial. It is more 
commonly unilateral than bilateral, but appears bilaterally 
more frequently than would be accounted. for by chance 
alone. The prevalence of this condition is not known, be- 
cause it has not been sought in a large population of ran- 
domly selected children. Among infants and. children with 
urinary tract infections, studies have found reflux in as many 
as one-half of the tested patients. 

Reflux also may be secondary; that is, associated with a 
disease that alters the anatomy of the UVJ. A diverticulum 
containing or immediately adjacent to the UVJ may pro- 
duce reflux. Male infants with posterior urethral valves have 
a high incidence of reflux. Bladder inflammatory processes, 
such as tuberculosis or schistosomiasis, may sufficiently alter 
the UVJ so that reflux is acquired; diseases that produce 
neurogenic bladders may be acquired as well. Ureteral du- 
plication anomalies, imperforate anus, and other congenital 
urinary tract abnormalities are frequently accompanied by 
reflux. When a renal transplant is accompanied by a trans- 
planted ureter, reflux often occurs. If the kidney that sup- 
plies a ureter becomes anuric or is resected, the nonfunc- 
tional ureter may acquire reflux. 

Secondary changes in the urinary tract may be produced 
by the reflux. If the reflux is intermittent and mild, no 
changes may occur, but with more severe reflux, anatomic, 
physiologic, and pathologic changes may be severe. The 
bladder may be affected by high-volume reflux. During 
voiding, the detrusor contraction expels most of the urine 
into the refluxing ureter rather than through the urethra. 
This ureteral urine refills the bladder immediately after 
voiding, so that the additional urine produced before the 
next voiding distends the bladder to an abnormal degree. 

The ureter itself may become abnormal. During voiding, 
a large-volume retrograde bolus travels up the ureteral lu- 
men, stretching the ureter, which becomes dilated and tor- 
tuous. The muscular wall thins, peristalsis becomes less ef- 
fective, and the ureter may become chronically distended. 
Children with severe bilateral ureterocalyectasis and a blad- 
der distended by the mechanism described above have a 
condition known as the megaureter—megacystis syndrome. 
It has been ascribed to bladder outlet obstruction, and may 
be associated with posterior urethral valves, but severe vesi- 
coureteral reflux may produce the syndrome without any 
obstruction. 

A correlation exists between vesicoureteral reflux and uri- 
nary tract infection. This probably has to do with persis- 
tence and increased severity of infection because it is un- 
likely that refluxing patients inoculate their urinary tracts 
any more frequently than nonrefluxing patients. In patients 
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with bacilluria, the concentration of bacteria within the 
urine reflects a balance between the reproduction rate of the 
organisms and the rate at which they are washed out during 
voiding. If the ureters and bladder are normal, they are 
nearly empty at the end of micturition, so that sterile urine 
subsequently produced (assuming the kidneys are not in- 
fected) dilutes the small amount of remaining urine quickly 
and reduces the concentration of bacteria. This process be- 
comes ineffective if a large volume of urine persists in the 
ureters and bladder after voiding. Also, in some patients, es- 
pecially very young patients with high-pressure reflux, bac- 
terial cystitis or pyelitis may become pyelonephritis if in- 
fected urine is forced retrograde into renal tubules by reflux. 
For these reasons, urinary tract infections in young children 
often prompt investigation for vesicoureteral reflux. 


Screening for Vesicoureteral Reflux 


The most common reason for seeking reflux in a pediatric 
patient is urinary infection. Most authorities agree that even 
a single urinary infection should prompt screening in very 
young infants and in young boys, in whom posterior ure- 
thral valves are sufficiently frequent and dangerous that 
voiding cystourethrography should not be postponed. In 
young girls older than 2 years of age, urinary infections are 
so frequent that there is some difference of opinion regard- 
ing whether all patients should be screened. Some authori- 
ties believe that the first infection should prompt a search 
for reflux, whereas others think that only a series of infec- 
tions indicate workup. Studies have shown that as many as 
50% of all children screened will display abnormalities, so 
we recommend earlier, rather than later, investigation. 
Screening young adult women with urinary infection, how- 
ever, reveals reflux only in a small number. Reflux is demon- 
strated by cystourethrography, which may be radiographic, 
fluoroscopic, or radionuclide. Radionuclide cystourethrog- 
raphy has the highest sensitivity and lowest radiation dose, 
but fails to reveal intrinsic urethral or bladder-wall abnor- 
malities, so it often is reserved for follow-up examinations. 

Whichever method is used, several points are worth em- 
phasizing. First, a voiding study is necessary; cystography 
alone is not sufficient to exclude reflux. The patient should. 
be awake in order to void as normally as possible. A small 
urethral catheter will permit the patient to void around the 
catheter, so that the bladder can be filled and voiding can be 
observed more than once if necessary. Radiographic exami- 
nations should not be performed without fluoroscopy; tran- 
sient reflux, functional details of micturition, and urethral 
abnormalities are easily missed in the absence of fluoro- 
scopic control. 

Whatever the examination type, vesicoureteral reflux is 
diagnosed by observing contrast medium or isotope in the 
ureter and/or collecting system after it has been instilled into 
the bladder. A patient may demonstrate low-pressure reflux 
(reflux that occurs during the early stage of bladder filling) 
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FIGURE 16.31. Schematic representation of 
the international classification of vesi- 
coureteral reflux. 


FIGURE 16.32. A: Grade II vesicoureteral re- 
flux. In this cystogram, contrast flowed from 
the bladder into the entire ureter collecting 
system but has not caused dilation. (Courtesy 
of Robert Cleveland, MD.) B: Grade III vesi- 
coureteral reflux (bilateral). Cystography re- 
veals bilateral opacification of the ureters and 
collecting systems with mild pyelocalyectasis. 
(Courtesy of Robert Cleveland, MD.). C: Grade 
V vesicoureteral reflux on the right; grade II-IV 
on left. Cystography demonstrates reflux and 
severe upper tract dilation, especially on the 
right. (From Amis ES Jr, Newhouse JH. 
Essentials of uroradiology. Boston: Little, 
Brown and Co, 1991:251-252, with permission.) 


TABLE 16.2. INTERNATIONAL CLASSIFICATION OF 
VESICOURETERAL REFLUX 


Grade Extent 


l Reflux only into ureter 
HT] Reflux into collecting system, without dilation 
il Reflux into collecting system, with mild dilation 


IV Reflux into collecting system, with moderate 
dilation 
V Reflux into collecting system, with severe dilation 


or high-pressure reflux (reflux that occurs as the bladder de- 
trusor muscle contracts). For radiographic and fluoroscopic 
examinations, a grading system to quantify the degree of re- 
flux has been developed. Unfortunately, there is more than 
one such system. The international classification of vesi- 
coureteral reflux is presented in Table 16.2 and Figs. 16.31 
and 16.32. Finally, voiding cystourethrography should not 
be performed when contrast medium or isotope has been re- 
cently administered intravenously; residual material ex- 
creted into the calyceal system may be mistaken for reflux. 

In patients with severe reflux, cystourethrography may 
occasionally demonstrate intrarenal reflux. Contrast 
medium that extends from the calyces into the renal-col- 
lecting tubules may appear homogeneous or striated, and 
may extend as far as the renal capsule (Figs. 16.33 and 
16.34). It is almost always focal, and has a predilection for 
the renal poles. 

Radionuclide cystography demonstrates reflux as streaks 
of activity extending from the bladder into the ureters and 
collecting systems. The international classification of reflux 
is not commonly applied to radionuclide studies, but the 
amount of activity that appears in the upper urinary tracts 
can be quantified and can produce a measurement useful in 
serial follow-up examinations. 
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FIGURE 16.33. Intrarenal reflux. Diagram showing pattern of 
intrarenal reflux followed by scar formation, with focal 
parenchymal thinning and focal calyceal blunting. (From Amis ES 
Jr, Newhouse JH. Essentials of Uroradiology. Boston: Little, 
Brown and Co, 1991:252, with permission.) 
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FIGURE 16.34. Voiding cystogram in a patient with reflux. The 
collecting system has been filled and dilated by contrast medium 
instilled into the bladder. Contrast medium has flowed from up- 
per-pole calyces into the tubules of the upper-pole parenchyma, 
causing faint opacification (arrows). (Courtesy of Walter Berdon, 
MD.) (From Amis ES Jr, Newhouse JH. Essentials of uroradiology. 
Boston: Little, Brown and Co, 1991:252, with permission.) 


URETERAL TUMORS 


Tumors may develop in any of the tissues of the ureter or 
may develop outside the ureter and invade the ureter secon- 
darily (Table 16.3). Primary ureteral tumors are relatively 
rare, accounting for approximately 1% of all urinary tract 
tumors. Most tumors develop in the ureteral epithelium, 
but they also may arise from the mesoderm. Ureteral neo- 
plasms occur twice as frequently in men as in women and, 
for unknown reasons, seem to appear more frequently in the 
right ureter. Most primary neoplasms involve the distal one- 
third of the ureter and are found in patients between 50 and 
80 years of age. 


TABLE 16.3. URETERAL TUMORS 


Primary Tumors Secondary Tumors 


Direct invasion 
Cervical carcinoma 


Epithelial tumors 
Transitional cell carcinoma 


Papillary Bladder carcinoma 
Nonpapillary Prostate carcinoma 
Squamous cell carcinoma Lymphadenopathy 
Adenocarcinoma Lymphoma 
Benign papilloma Hematogenous seeding 
Nonepithelial tumors Melanoma 


Fibroepithelial polyp 
Rare tumors 


Lung carcinoma 
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Epithelial Tumors 


Seventy-five percent of all primary ureteral neoplasms are of 
epithelial origin. The most common of these neoplasms is 
transitional cell carcinoma, which may be of a papillary or 
nonpapillary subtype. Papillary tumors constitute 80% to 
85% of transitional cell carcinomas and have a greater ten- 
dency to be multicentric than nonpapillary types. 

Forty percent of papillary tumors, and most nonpapillary 
lesions, are invasive. Invasive tumors extend through subep- 
ithelial layers into the retroperitoneal tissues, and metasta- 
size to regional lymph nodes, or more distantly to the liver, 
bones, lungs, mediastinum, and other sites. An associated 
transitional cell carcinoma of the bladder is found in ap- 
proximately 25% of patients, and as many as 70% have an 
antecedent or subsequent urothelial lesions elsewhere. For 
this reason, complete nephroureterectomy is the standard 
therapy for lesions that are resectable at the time of diagno- 
sis. 

The stage of the tumor is very important in prognosis. In 
stage I, the tumor is limited to the urothelial layer; in stage 
II, invasion of the ureteral muscle occurs; in stage ITI, inva- 
sion of the periureteral tissues occurs; and in stage IV, there 
are distant metastases. The prognosis also depends on the 
histologic characteristics of the tissue. Some authorities be- 
lieve that extremely low-grade polypoid tumors represent 
benign papillomas, but most think they are malignant tu- 
mors with minimal potential for invasion and metastases. 

Hematuria, pain due to ureteral obstruction, and malig- 
nant cells found on urine cytologic examination are com- 
mon presenting features. As many as 40% of the patients 
may present with a nonfunctioning kidney because of 
ureteral obstruction. 


When there is excretion of sufficient contrast medium at 
excretory urography to demonstrate the ureter, the lesion 
may present as a single filling defect or as multiple filling de- 
fects in the ureteral lumen. When the kidney is obstructed 
and fails to opacify the ureter, retrograde pyelography may 
be necessary. Solitary polypoid lesions frequently demon- 
strate slight dilation of the ureter around and distal to the 
ureter, as well as above it (Fig. 16.35); this sign helps to dif- 
ferentiate the lesion from benign filling defects such as cal- 
culi or blood clots, because these do not grow and progres- 
sively stretch the ureteral walls. The localized expansion of 
the ureter at the inferior margin of the lesion produces an 
appearance known as the “champagne glass” or “goblet” 
sign on retrograde ureterography (Fig. 16.36). Coiling of a 
catheter in this dilated segment of ureter during retrograde 
ureterography is known as Bergman’s sign. Intramural le- 
sions may infiltrate the ureteral wall, so that the ureter be- 
comes fixed; the lesion will demonstrate an irregular nar- 
rowing of the ureteral lumen with abrupt, nontapering 
superior and inferior margins. The lesion may be eccentric, 
or it may encircle the ureter, producing an apple-core ap- 
pearance (Fig. 16.37). In rare cases, the lesion may resemble 
a more benign ureteral stricture. 

CT may be of value in the diagnosis of ureteral neo- 
plasms (Fig. 16.36), particularly in those patients in whom 
urography or retrograde pyelography is unsuccessful. The 
technique also may be used to distinguish ureteral tumors 
from nonopaque ureteral calculi. CT may be of value in pre- 
operative staging of transitional carcinomas of the ureter by 
revealing the presence or absence of periureteral invasion. 
However, CT is unable to distinguish stage A from stage B 
ureteral tumors. 


FIGURE 16.35. Transitional cell carcinoma of the ureter. A: Retrograde pyelogram reveals the tu- 
mor in the distal one-third of the ureter. B: Excretory urogram demonstrates an irregular filling 
defect just below the ureteropelvic junction in the lower pole moiety of a duplicated collecting 


system. 


Squamous cell carcinoma is the most malignant of ep- 
ithelial tumors of the ureter, but comprises less than 10% of 
primary ureteral epithelial neoplasms. It is frequently asso- 
ciated with chronic urinary tract infection and long-stand- 
ing stone disease. Squamous cell carcinoma may present as 
a solitary filling defect or as a ureteral mural lesion; it is less 
likely to be clearly polypoid than transitional cell carcinoma. 

Adenocarcinoma of the ureter is extremely rare. The le- 
sion is thought to develop in the cell nests of von Brunn in 
the basal layer of the urothelium. 

Ureteral tumors may require differential diagnosis. 
Intraluminal filling defects also may be produced by uric 
acid stones (which, unlike tumors, cast ultrasound shadows 
and are much denser than soft tissue on CT), ureteral clots 
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FIGURE 16.36. Transitional cell carcinoma of the ureter. A: Computed to- 
mography scan at the level of the iliac crest demonstrates ureteral dilation 
(curved arrow). B: A soft tissue mass (arrow) is present obliterating the 
ureter at a slightly more caudad section. C: Retrograde pyelogram shows 
a filling defect in the ureter (arrow) representing the tumor. A classic “gob- 
let” sign is demonstrated. 


(which are slightly denser than soft tissue and which resolve 
spontaneously), sloughed papillae (pieces of which may be 
recoverable in the urine and whose site of origin is usually 
visible by urography), and fibroepithelial polyps (which are 
usually longer and smoother than carcinomas). 

Benign tumors of the urothelium constitute approxi- 
mately 20% of ureteral neoplasms. The most common of 
these, the benign papilloma, is actually considered to be a 
low-grade malignancy by some pathologists. Papillomas 
present as solitary filling defects and are attached to the 
ureteral wall by a stalk. A variant of the papilloma, the in- 
verted papilloma, is so named because the central core of the 
lesion is composed of transitional epithelium, rather than 
the connective tissue stroma of the benign papilloma. 
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FIGURE 16.37. Transitional cell carcinoma of the ureter. 
Retrograde pyelogram reveals a circumferential lesion that 
nearly obliterates the ureteral lumen. 


Nonepithelial Tumors 


The most common of the nonepithelial tumors of the ureter 
is the benign fibrous polyp, also known as the fibroepithe- 
lial polyp. The lesion consists of a core of fibrous and vas- 
cular tissue covered with normal transitional epithelium. 
The lesion is usually solitary, but multiple lesions have been 
reported. A nonepithelial tumor may occur in association 
with chronic urinary tract infection and may bleed slightly 
or cause obstruction and flank pain. It is not premalignant. 

Urography may reveal the lesion to be mobile, owing to 
its long stalk. The polyps vary in size from a few millimeters 
to many centimeters in length. Most fibroepithelial polyps 
have a smooth cylindrical appearance (Fig. 16.38), but mul- 
tilocular or frond-like appearances have been reported. 
Unlike primary malignant tumors, these polyps are most 
commonly found in the proximal one-third of the ureter 
and typically occur in patients 20 to 40 years of age. They 
should be distinguished from vermiform clots in the ureteral 
lumen and the occasional pedunculated transitional cell car- 
cinoma or papilloma. 

Other primary nonepithelial.tumors of the ureter are ex- 
tremely rare, and include leiomyosarcomas, spindle cell sar- 
comas, hemangiosarcomas, lymphosarcomas, carcinosarco- 
mas, and melanomas. 


Secondary Tumors 


These are much more common than primary ureteral neo- 
plasms, because the latter are relatively uncommon and be- 
cause the ureter is near many structures that frequently har- 
bor malignancies. In many cases, obstruction of the ureter 
results from direct extension of the neoplasm from primary 
sites such as the cervix, prostate, and bladder. Ureteral ob- 
struction also may occur because of adjacent retroperitoneal 


FIGURE 16.38. Fibroepithelial urothelial polyp. Urography 
shows a linear lucent filling defect (arrows) in the proximal 
ureter. (From Amis ES Jr, Newhouse JH. Essentials of uroradiol- 
ogy. Boston: Little, Brown and Co, 1991:281, with permission.) 


FIGURE 16.39. Metastatic retroperitoneal carcinoma involving 
the left ureter. The midureter is irregularly encased and nar- 
rowed (arrows); the proximal ureter is dilated. Insufficient con- 
trast agent has been injected in this retrograde study to com- 
pletely opacify the intrarenal collecting system. (From Amis ES Jr, 
Newhouse JH. Essentials of uroradiology. Boston: Little, Brown 
and Co, 1991:282, with permission.) 


FIGURE 16.40. Malignant melanoma metastatic to the left 
ureter (arrow). 


lymph node enlargement due to lymphoma or other pri- 
mary tumors (Fig. 16.39). 

The ureter also may be indirectly obstructed from malig- 
nant disease because some tumors invoke an intense peri- 
ureteral desmoplastic reaction. In such cases, imaging stud- 
ies may demonstrate extrinsic compression of the ureter by 
a soft tissue mass similar in appearance to retroperitoneal fi- 
brosis. Occasionally, the obstructing lesion may be too small 
to be demonstrated by CT, in which case percutaneous 
biopsy or even surgery may be necessary to establish the di- 
agnosis. Patients who experience ureteral obstruction after 
radiation therapy should not be assumed to have a benign 
radiation-induced stricture. The ureter is relatively resistant 
to radiation, so that postradiation ureteral obstruction usu- 
ally means that the tumor had involved the ureteral wall be- 
fore therapy or has recurred. 

Much less commonly, hematogenous metastases to the 
ureter may present as solitary filling defects simulating pri- 
mary ureteral tumors (Fig. 16.40); melanoma, carcinomas 
of the kidney, breast, lung and prostate, and multiple 
myeloma may be responsible. 


INFLAMMATORY LESIONS 
Leukoplakia 


Leukoplakia is a rare inflammatory condition that involves 
the bladder more commonly than the ureter. Ureteral in- 
volvement usually occurs in the proximal one-third of the 
organ and is almost always associated with involvement of 
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the renal pelvis. It results from squamous metaplasia of the 
urothelium and is frequently associated with chronic uri- 
nary tract infection or long-standing stone disease; it also 
may develop spontaneously. Leukoplakia is bilateral in ap- 
proximately 10% of cases. Classically, the condition has 
been thought to be a precursor of squamous cell carcinoma, 
but documentation of this association in the upper urinary 
tract is extremely rare. 

The lesion consists of keratinization and desquamation 
of the involved epithelium, with proliferation of the deeper 
layers. When the keratinized epithelium forms a soft tissue 
mass, the condition is referred to as a cholesteatoma. 

Leukoplakia occurs in middle-aged patients of both 
sexes. Hematuria is present in approximately one-third of 
cases, and symptoms of chronic urinary tract infection with 
calculi have usually been present for years. The patho- 
gnomonic feature of leukoplakia is passage of pieces of white 
chalky, desquamated epithelium in the urine. These frag- 
ments may cause renal colic. 

Radiographic features of ureteral leukoplakia include dif- 
fuse, irregular filling defects of the upper ureter and renal 
pelvis. There may be ridging of the mucosa of the ureter 
with evidence of ureteral obstruction. The radiologic ap- 
pearance has only been described with urography; differen- 
tiation from malacoplakia and even from transitional cell 
carcinoma is difficult. 


Malacoplakia 


Malacoplakia is an uncommon inflammatory condition of 
the ureter that is usually associated with chronic urinary 
tract infection, often Escherichia coli. It is not a premalig- 
nant condition, but is more common among immunocom- 
promised patients. The lesions consist of smooth yellow or 
brown subepithelial plaques composed of inflammatory 
cells (histiocytes) that contain basophilic staining inclusions 
known as Michaelis-Gutmann bodies. These may represent 
collections of phagocytized bacteria or their fragments. 
Malacoplakia may result from a defect in intracellular diges- 
tion of bacteria. 

The bladder is the most common site of urinary tract in- 
volvement, followed in frequency by the ureter, the renal 
pelvis, and the urethra. Most patients are middle-aged 
women with nonspecific complaints, including dysuria, 
flank pain, and occasionally, hematuria. 

On urography, the lesions are demonstrated as a series of 
flat filling defects that characteristically involve the distal 
ureter, but may involve long segments of any part of the 
ureter (Fig. 16.41). Ureteral obstruction may or may not be 
present. The lesions are usually multiple and may coalesce, 
producing a cobblestone appearance. They may regress if 
treatment of the associated infection is successful, but there 
is a tendency for the disease to reappear after therapy, some- 
times in another part of the urinary tract. 

Differentiation of this condition from other lesions may 


338 Textbook of Uroradiology 


FIGURE 16.41. Ureteral malacoplakia. A retrograde pyelogram 
reveals a slightly dilated ureter with scalloped margins through- 
out its length. (Courtesy of Richard C. Pfister, MD.) (From Amis ES 
Jr, Newhouse JH. Essentials of uroradiology. Boston: Little, Brown 
and Co, 1991:275, with permission.) 


be difficult. Ureteritis cystica may look similar, but the le- 
sions of this condition are usually rounder and the ureter is 
rarely dilated. Tuberculosis may produce a thickening of the 
ureteral wall with focal strictures. Malignant lesions of the 
ureter are rarely as widespread as malacoplakia. 


Ureteritis Cystica 


This condition consists of multiple, small, subepithelial 
fluid-filled cysts in the ureteral wall. They are thought to be 
caused by degeneration of the central cells of the basal layer 
of the urothelium, which results in proliferation of the sur- 
face epithelial cells; these become isolated from the epithe- 
lial surface and form fluid-filled cysts that project into the 
lumen of the ureter. This degeneration occurs with chronic 
urinary tract infection, which may or may not be present at 
the time of diagnosis. It may appear in the ureter, renal 
pelvis (pyelitis cystica), or bladder (cystitis cystica). 

Ureteritis cystica is usually asymptomatic, but may be ac- 
companied by hematuria and symptoms of urinary tract in- 
fection. The condition may or may not resolve when the in- 
fection is cured. Ureteritis cystica does not cause obstruction 
and is not premalignant. It may be unilateral or bilateral, 
and appears slightly more frequently in women. Although 
this condition has been reported in all age groups, it is usu- 
ally found in patients between 50 and 60 years of age. 

The typical radiographic appearance is that of multiple, 
small (2-3 mm) radiolucent filling defects that cause scal- 
loping of the ureteral margins when seen in profile during 


FIGURE 16.42. Ureteritis cystica. Multiple, small, well-defined 
lesions are demonstrated on this retrograde pyelogram. Many le- 
sions can be seen arising from the ureteral wall. 


excretory urography or retrograde pyelography (Figs. 16.42 
and 16.43). These filling defects may appear anywhere in 
the ureter, but have a slight predilection for the proximal 
one-third. When the cysts are numerous, they may produce 


FIGURE 16.43. Ureteritis cystica. Digital radiograph showing 
multiple, well-defined submucosal cysts. 


FIGURE 16.44. Uretera!l mucosal irregularity due to recently re- 
moved stent. The stent’s multiple side holes have caused irregu- 
larity in the mucosa that conformed to the stent's surface. 


a ragged appearance of the ureteral margin, but each cyst can 
be seen to have a smooth hemispheric surface. The differen- 
tial diagnosis includes small air bubbles introduced at retro- 
grade pyelography, hemorrhage into the ureteral wall 
(which usually produces filling defects that are not perfectly 
hemispheric and that resolve quickly), papillary neoplasms 
(which are rarely as numerous as the cysts of ureteritis cys- 
tica), and prolonged ureteral stenting (which may cause pro- 
trusion of the urothelium into the side holes of the stent and 
produces circular filling defects when the stent is removed) 
(Fig. 16.44). However, the radiographic appearance of 
ureteritis cystica is usually sufficiently characteristic to allow 
a confident diagnosis. The conditions may regress or disap- 
pear with treatment of the underlying inflammatory condi- 
tion, but may also persist for months or years after success- 
ful treatment. 


Pseudodiverticulosis 


Ureteral pseudodiverticulosis consists of one or more small 
(4 mm or less) outpouchings of the ureter. The lesions are 
hyperplastic buds of ureteral epithelium that project from 
the ureteral lumen into, but not entirely through, the mus- 
cular layers of the ureteral wall. Thus, they are not true di- 
verticula. 

Ureteral pseudodiverticulosis may be associated with 
hematuria and urinary tract infection; it also has been found 
to co-exist with a wide range of urinary tract pathology, in- 
cluding calculi, benign prostatic hypertrophy, and transi- 
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FIGURE 16.45. Ureteral pseudodiverticulosis. The small divertic- 
ula are well demonstrated; notice the minimal ureteral narrow- 
ing at the site of the larger diverticula. 


tional cell carcinoma. Cytologic examination of ureteral 
washings reveals cellular atypia in approximately 50% of 
cases. 

Ureterography reveals small protrusions of the ureteral 
lumen (Fig. 16.45); the ureter may be otherwise normal, or 
there may be mild narrowing at the site of the diverticula. 
The proximal and middle thirds of the ureter are more fre- 
quently affected than the distal third. The condition does 
not cause ureteral obstruction. 

The association of ureteral pseudodiverticulosis and ma- 
lignancy, usually transitional cell carcinoma, warrants care- 
ful evaluation of these patients. Wasserman and colleagues 
(1991) reported a uroepithelial malignancy in 17 (46%) of 
37 patients with ureteral pseudodiverticula. The most com- 
mon site of malignancy was the bladder. In two patients, the 
malignant tumors developed 2 and 3 years after demonstra- 
tion of ureteral pseudodiverticulosis. 


Eosinophilic Ureteritis 


Inflammatory lesions characterized histologically by infiltra- 
tion of eosinophils may occur in a variety of organ systems. 
The majority of cases in the urinary tract involve the blad- 
der. Fewer than 60 cases involving the ureter have been re- 
ported under a variety of names, including nonspecific gran- 
uloma of the ureter, eosinophilic granuloma of the ureter, 
and eosinophilic ureteritis. 

The lesion may be found at any level in the ureter and 
presents as a nodular defect within the ureteral lumen. 
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There may be high-grade ureteral obstruction. Some cases 
have been associated with urinary tract calculi. 


Schistosomiasis 


Infection of the urinary tract by the fluke, Schistosoma hema- 
tobium, is endemic in areas where the specific type of snail 
necessary for asexual reproduction of the organism is pre- 
sent. Endemic regions include parts of the Middle East, 
India, Puerto Rico, and a number of African countries, es- 
pecially Egypt, Nigeria, South Africa, Tanzania, and 
Zimbabwe. 

Infected humans excrete female eggs into stagnant fresh 
water, where they hatch into larvae or miracidia. The larvae 
enter the host snail and mature into mother sporocysts be- 
fore dividing asexually into 20 to 40 daughter sporocysts. 
Each daughter sporocyst can produce 200 to 400 cerceriae, 
which are released into the stagnant water. When humans 
enter contaminated water, the cerceriae attach themselves 
and penetrate the skin. They enter the venous system and 
reach the heart, where they mature to adulthood. Male and 
female worms mate and migrate together against the flow of 
blood to the venous plexus of the bladder. The eggs are de- 
posited in the subepithelial and muscular layers of the blad- 
der and distal ureteral walls. Eggs that are excreted in the 
urine complete the cycle. 

While the disorder most commonly affects the bladder, 
ureteral involvement is present in up to 30% of patients. 
The condition usually affects patients younger than 30 years 
of age and is more common in male than female patients. 
Symptoms of ureteral involvement may be absent or limited 
to flank pain. Ureteral disease is almost always bilateral, but 
is usually asymmetric. The disorder most commonly in- 
volves the distal ureters, but lesions at the level of the L-3 
vertebral body and, rarely, the ureteropelvic junction, also 
may be present. This infestation results in varying degrees of 
ureteral stenosis, thickening, and dilation. The ureter also 
may be obstructed by schistosomal involvement of the jux- 
taureteral bladder wall. 

Radiologic findings of urinary bilharziasis are character- 
istic. Calcification, most commonly involving the pelvic 
portions of the ureters, is present in 75% of the cases. 
Calcification is usually linear (Fig. 16.46) or “tram-track,” 
but it also may be patchy, curvilinear, or diffuse. There is a 
characteristic deformity of the distal ureters consisting of 
medial and cephalic displacement of the ureters, which may 
then resemble cow’s horns. There are various degrees of di- 
lation and stenosis. In early stages of the disease, only mild 
distention of the distal ureters may be seen, but in more ad- 
vanced cases, a beaded appearance of the ureters secondary 
to multiple strictures may appear; this is similar to the ab- 
normalities found in tuberculous ureteritis. Although the 
ureters are dilated, they are not tortuous; they tend to be 
straightened, especially in the midportions. Involvement of 
the UVJ commonly leads to vesicoureteral reflux. Solitary or 


FIGURE 16.46. A diffusely calcified right ureter is seen in this pa- 
tient with urinary schistosomiasis. 


multiple ureteral filling defects (bilharzial polyps) are re- 
ported in as many as 17% of patients and tend to appear in 
the early inflammatory stages of the disease rather than the 
later calcified stages. Although Bilharzia of the bladder pre- 
disposes to bladder carcinoma, this complication is very rare 
in the ureter. Ureteritis cystica may be present in patients 
with ureteral bilharziasis. Calcification of the cysts, presum- 
ably resulting from hemorrhage, may occur and may pro- 
duce a stippled pattern termed ureteritis calcinosa. 


Tuberculosis 


Urinary tract infection with Mycobacterium tuberculosis is a 
result of hematogenous dissemination of the organisms to 
the kidney from other sites, usually the lungs. Although 
both kidneys are thought to receive the organisms, the dis- 
ease usually progresses in only one. Ureteral involvement is 
the result of renal infection that spreads down from the col- 
lecting systems and pelvis. The bladder, seminal vesicles, 
and prostate also may become affected. 

Tuberculosis may affect the urinary tract in patients of 
any age, but most are 40 years of age or older. Hematuria, 
sometimes gross, may be the first sign, but symptoms of 
lower urinary tract disease (frequency, dysuria, suprapubic 
pain) also may herald urinary tract involvement. 

Radiographically demonstrable ureteral abnormalities 
are found in approximately 50% of patients with renal tu- 
berculosis. The findings may be demonstrated on excretory 
urography if renal function is sufficient; otherwise, retro- 
grade or antegrade pyelography may be necessary (Fig. 
16.47). In patients with severe bladder disease, however, ret- 


FIGURE 16.47. Ureteral tuberculosis. Retrograde pyelogram 
shows multiple strictures, as well as the characteristic calyceal 
changes. 


rograde pyelography may be difficult or impossible to per- 
form. 

Ureteral infection produces ulcerations, fibrosis, stric- 
ture, and calcification. The dilation may involve the entire 
ureter and may be associated with hydronephrosis. 
Strictures may appear anywhere along the ureter, or ureteral 
dilation may be caused by obstruction or reflux produced by 
abnormalities at the UVJ. The mucosal ulceration may pro- 
duce a ragged appearance of the ureteral epithelium. If the 
ulcers are superficial, they may heal without sequela, but 
healing of deeper ulcerations often results in ureteral fibro- 
sis. Multiple strictures may produce alternating segments of 
dilation and narrowing; the resulting beaded appearance is 
characteristic of ureteral tuberculosis. The ureter is short- 
ened and straightened owing to periureteral fibrosis 
(“pipestem” ureter). Calcification of the ureters is consider- 
ably less common in tuberculous ureteritis than in bilharzial 
ureteritis and also is less common than calcification in the 
kidneys; when present, it may be linear or may appear as a 
faint, putty-like calcification of inspissated material that fills 
the ureteral lumen (Fig. 16.48). 


Amyloidosis 


Amyloidosis is a disorder characterized by infiltration of the 
affected organ by a variety of insoluble proteins or pro- 
tein~polysaccharide complexes. The disease is usually sys- 
temic and may accompany another systemic disorder, such 
as multiple myeloma. Rarely, amyloidosis may be localized 
to a specific organ. Ureteral amyloidosis is extremely rare; 
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FIGURE 16.48. Urinary tract tuberculosis. A plain abdominal ra- 
diograph reveals putty-like calcification in the kidney and ureter. 


the few cases described show a slight predilection for elderly 
female patients. There are no specific clinical features; the 
disease may present with symptoms of chronic urinary tract 
obstruction. The radiographic features are nonspecific; a lo- 
calized ureteral stricture (Fig. 16.49), often in the distal 
ureter and often indistinguishable from neoplasm, is the 
usual finding. 


FIGURE 16.49. Amyloidosis of the ureter. (Courtesy of John 
Hodson, MD.) 
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Polyarteritis Nodosa 


Polyarteritis nodosa is a systemic vasculitis that affects the 
kidneys in most patients and frequently results in renal in- 
farction and renal failure. Ureteral involvement is quite rare; 
however, two distinct syndromes of ureteral involvement 
have been described. In the first, acute ureteral obstruction 
may be associated with acute systemic symptoms of fever, 
muscle pain, and the recent onset of hypertension. In the 
second, a stricture occurs, presumably caused by ischemia. 


Suburothelial Hemorrhage 


Suburothelial hemorrhage is exceedingly rare; only a few 
cases have been reported. It consists of hemorrhage within 
the wall of the ureter and is associated with coagulopathies 
(Fig 16.50). Patients usually present with hematuria. 
Urography reveals multiple filling defects projecting into 
the ureteral lumen that are less discrete than those seen in 
pyeloureteritis cystica and that resolve spontaneously when 
the coagulopathy is corrected. CT may reveal the focal 
urothelial thickening to be of relatively high attenuation, 
similar to that seen with hemorrhage elsewhere. 


Endometriosis 


Endometriosis is a condition of women of childbearing age 
in which endometrial tissue develops outside the endome- 
trial cavity of the uterus. Ectopic endometrium undergoes 
the same cyclic changes as orthotopic tissue, and the peri- 
odic necrosis and hemorrhage that occurs produces hem- 
orrhagic cystic lesions or masses. Although the active dis- 
ease usually resolves with menopause, the lesions persist in 
postmenopausal women. The lesions most commonly ap- 
pear within the myometrium, on the surface of the uterus, 
ovaries, or fallopian tubes, and on the peritoneal surfaces 


of other pelvic organs and the pelvic side walls; they may 
involve the bladder or ureters. The ectopic endometrial tis- 
sue may represent embryonic rests or an acquired condi- 
tion in which retrograde menstruation through the fallop- 
ian tubes deposits endometrial tissues in the peritoneal 
surfaces. 

Patients most commonly present with infertility and se- 
vere pelvic pain with menstruation. The endometriomas 
may be difficult to visualize by noninvasive techniques if 
they are small; if they are of moderate or large size, they dis- 
play the characteristics of hemorrhagic cystic lesions or soft 
tissue masses, whether they are imaged by ultrasound, CT, 
or MR (Fig. 16.51). Only a small minority of patients h we 
the urinary tract affected by endometriomas; the bladder is 
more frequently involved than the ureter. Ureteral involve- 
ment generally occurs in cases with widespread pelvic dis- 
ease, although isolated cases in the ureter have been re- 
ported. When the ureter is involved, flank pain and 
hematuria (which may or may not be cyclic) are clues to the 
disease. 

Two forms of ureteral endometriosis have been described 
— intrinsic and extrinsic. Extrinsic involvement is four 
times more common than intrinsic disease. Both involve the 
distal ureter, however, extrinsic disease compresses the 
ureter or involves the ureteral adventitia, whereas with the 
intrinsic form there is direct invasion of the ureter by en- 
dometrial tissue that may lie within the lamina propria or 
muscular layers of the ureter. 

Ureteral involvement may result in hydronephrosis, nar- 
rowing of the pelvic ureter and, occasionally, intraureteral 
masses. Ureterography usually reveals a short or medium- 
length ureteral stricture in the distal segment (Fig. 16.52); 
the involved segment is usually within a few centimeters of 
the inferior aspect of the sacroiliac joint. The stricture is 
usually smooth but abruptly tapered, and there may be 
sharp medial angulation of the ureter in the region of the 


FIGURE 16.50. Suburothelial hemorrhage in a patient with hemophilia. A: Computed tomogra- 
phy scan at the level of the left renal pelvis shows high-density blood surrounding the renal pelvis 


and (B) ureter (arrows). 


Chapter 16: The Ureter 343 


FIGURE 16.51. Endometriosis. A: Upright radiograph from an excretory urogram shows extrinsic 
compression of the left ureter at the pelvic brim (arrow). B: Computed tomography scan through 
the pelvis shows the ureter to be encased by a multilocular cystic mass proven to be an en- 


dometrioma. 


narrowed segment. The ureter distal to the site of involve- 
ment is normal. The intrinsic and extrinsic forms of ureteral 
involvement by endometriosis cannot be distinguished by 
radiographic appearance alone. CT may demonstrate envel- 
opment of the ureter by a soft-tissue mass. 


FIGURE 16.52. Ureteral endometriosis. Retrograde pyelogram 
shows a medium-length stricture at the pelvic brim. 


inflammatory Bowel Disease 


Genitourinary complications may occur in up to 25% of all 
patients with inflammatory bowel disease. Nephrolithiasis is 
the most common complication; obstruction due to direct 
ureteral involvement with inflammatory bowel processes is 
the second most common complication. In most patients, 
urinary tract involvement appears after the gastrointestinal 
disease has been present for years; urinary pathology rarely 
is the initial manifestation of the disorder. 

Ureteral involvement by Crohn’s disease usually occurs 
on the right and is almost always at the level of the pelvic 
brim. The process may involve the ureter by direct extension 
of bowel inflammation to the pericolic or retroperitoneal re- 
gions, or by fistulae that extend from an involved bowel seg- 
ment to the retroperitoneum, with periureteral inflamma- 
tion that may or may not involve a flank abscess. Rarely, the 
left ureter may be involved in patients with granulomatous 
colitis or with Crohn’s disease that involves the jejunum. 
Ureteral involvement often is asymptomatic; clinical evi- 
dence of psoas irritation may be present if there is a 
retroperitoneal abscess. 

On urography, the involved ureter usually displays a 
sharply tapered smooth area of narrowing over several cen- 
timeters; and may cause varying degrees of obstruction (Fig. 
16.53). A soft tissue inflammatory mass can usually be 
demonstrated by CT, which may simultaneously display the 
narrowing and wall-thickening characteristic of Crohn’s dis- 
ease. When ureteral narrowing and obstruction have been 
caused by an acute exacerbation of inflammatory bowel dis- 


344 Textbook of Uroradiology 


FIGURE 16.53. Crohn's disease. A: Retrograde pyelogram shows a long ureteral stricture involv- 
ing the right ureter at the level of the pelvic brim. B: Barium enema shows characteristic changes 


of Crohn's disease involving the terminal ileum. 


ease, the obstruction usually diminishes with resolution of 
active bowel inflammation or surgical bypass of the abnor- 
mal segment. When the process has become chronic, how- 
ever, dense periureteral fibrosis requiring ureterolysis may 
be present. 

A small fraction of patients with diverticulitis have in- 
volvement of the ureter, usually on the left. As in patients 
with Crohn’s disease, a focus of inflammation or frank ab- 
scess appears adjacent to the involved bowel and includes 
the ureter; the ureter itself may be displaced, compressed, or 
surrounded by the mass, and the specific diagnosis depends 
on the clinical or imaging diagnosis of diverticulitis. 

Rarely, appendicitis and periappendiceal abscesses may 
involve and narrow the ureter. The specific appearance of 
the ureter on urography often does not offer a specific diag- 
nosis of appendicitis, but if the clinical and imaging studies 
provide other indications of appendiceal inflammation or 
abscess formation, the diagnosis becomes apparent. 


MISCELLANEOUS CONDITIONS 
Pelvic Inflammatory Disease 


Pelvic inflammatory disease and tuboovarian abscesses may 
produce extrinsic ureteral obstruction by surrounding the 
ureter with inflammation or by producing an abscess that 
compresses the ureter. This complication is more likely to 
occur in cases of chronic or recurrent pelvic inflammation 
than in the acute stages of the disease. The obstruction usu- 


ally occurs at the pelvic brim, and its radiologic appearance 
is similar to that produced by inflammatory bowel disease. 
In some cases, the ureteral obstruction resolves after conser- 
vative therapy, but when scarring and fibrosis are present, 
ureterolysis may be necessary. 


Retroperitoneal Fibrosis 


Retroperitoneal fibrosis is a disease in which a fibrous soft 
tissue mass develops in the retroperitoneum. It most fre- 
quently appears between the kidneys and pelvic brim and, 
by involving the ureters, becomes a disease primarily of uro- 
logic importance (see Chapter 14). 

Retroperitoneal fibrosis may be diagnosed radiologically 
by demonstrating the fibrotic mass and its effects on the 
ureter, blood vessels, and lymphatics (Fig. 16.54). Plain- 
film findings are not specific. On urography, varying de- 
grees of extrinsic ureteral narrowing may be observed, if re- 
nal function sufficient for contrast excretion is present. In 
most patients, the abnormalities will require retrograde 
pyelography for demonstration (Fig. 16.55): The abnormal- 
ities may be unilateral or bilateral, and the length of the nar- 
rowed areas and degree of obstruction and proximal caliec- 
tasis is variable. Any portion of the ureter may be involved, 
but the middle one-third is the most classic location. 
Peristalsis through the affected areas may be diminished or 
absent. Although the classic description includes medial dis- 
placement of the affected portions of the ureter, in most 
cases the ureteral course is not deviated beyond the range of 


FIGURE 16.54. Retroperitoneal fibrosis. Computed tomography 
scan through the pelvis demonstrates a plaque-like mass encas- 
ing the ureters. 


normal. When azotemia precludes satisfactory excretory 
urography, retrograde or antegrade pyelography is necessary 
to demonstrate the characteristic ureteral changes. As in 
cases of primary megaureter, there is little resistance to pas- 
sage of a retrograde catheter through the narrow regions of 
the ureter, leading many authorities to speculate that inter- 
ference with ureteral peristalsis, rather than mechanical ob- 
struction is primarily responsible for the renal dysfunction 
that typically ensues. 
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Ovarian Vein Syndrome 


The right ovarian vein crosses the ureter at the level of the 
L-3, but usually does not cause a distinct vascular impres- 
sion. Cases of ureteral dilation and hydronephrosis, some- 
times in association with urinary tract infection, have been 
attributed to thrombosis of the vein. The syndrome typi- 
cally occurs in young women who have had one or more 
pregnancies. The hydronephrosis of pregnancy, however, is 
probably not caused by the ovarian vein. Rarely, varicosities 
of the ovarian vein may produce multiple notched defects in 
the ureter. 

Other vascular structures may produce impressions on 
the ureters. Tortuosity or aneurysms of the iliac vessels or 
aorta may deflect the ureters. Rarely, hemorrhage occurs 
from an abdominal aortic aneurysm and, if a pseudoa- 
neurysm forms, the ureter may be involved in its wall and 
become partially obstructed. Patients with severe renal 
artery stenosis may form collaterals that produce vascular 
notching on the ureter. Retroperitoneal branches from the 
aorta supply the ureteral artery, which enlarges and supplies 
flow that enters the renal artery distal to the stenosis. 
Although ureteral notching may be a sign of renal artery 
stenosis, it is not specific or sensitive. Venous collaterals as- 
sociated with inferior vena cava or renal vein obstruction, 
vascular malformations, or congenital abnormalities also 
may be found. However, in most cases in which ureterogra- 
phy displays a vascular impression on the ureteral lumen, 
the finding is not associated with significant pathology. 


B 


FIGURE 16.55. Retroperitoneal fibrosis. A: Retrograde pyelogram shows obstruction of the left 
ureter just above the pelvic brim. B: Abdominal aortogram shows an abdominal aortic aneurysm. 
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An association exists between congenital ureteropelvic 
junction obstruction and impingement or entrapment of 
the ureteropelvic junction by a crossing vessel. Rarely, im- 
pressions on the ureters related to dilated lymphatics also 
may be found. Such cases occur in association with lym- 
phatic obstruction or lymphangiectasia. 


Pregnancy Dilation 


Physiologic dilation of the upper urinary tract occurs during 
pregnancy. The etiology of this dilation has long been a 
matter of dispute; some believe that this phenomenon is a 
hormonal effect on the ureters, and others believe that it is 
primarily obstructive. The weight of opinion has supported 
the latter hypothesis. The changes of pregnancy are charac- 
terized by dilation of the proximal two-thirds of the ureters, 
with more pronounced changes seen on the right (Fig. 
16.56). The distal ureters are normal in caliber. Dilation ex- 
tends inferiorly to the point at which the ureter crosses the 
iliac artery at the pelvic brim. Slight differences in the angles 
at which the arteries and ureters cross may be responsible for 
the asymmetric degrees of dilation between the right and left 
ureter. The changes are presumed to be related to compres- 
sion by the gravid uterus of the ureters against the iliac ar- 
teries. The changes usually resolve after delivery, but may 
persist to a varying degree thereafter. Pelvic masses in both 
sexes can produce changes in the ureters identical to those 
produced by pregnancy. 


FIGURE 16.56. Dilation of pregnancy. An excretory urogram 
shows bilateral ureterectasis, worse on the right, in this recently 
pregnant patient. The soft tissue mass in the pelvis is the still-en- 
larged uterus. 


Pseudoureterocele 


A ureterocele is a congenital cystic dilation of the intramu- 
ral segment of the intravesical ureter. On urography, these 
lesions produce bladder filling defects at the UVJ, which 
may be lucent throughout if the ureterocele is obstructed, or 
may have a lumen filled with contrast medium if there is no 
obstruction. Lesions that cause similar lucent filling defects 
at the UVJ are called pseudoureteroceles and are virtually al- 
ways acquired lesions. They may represent edema caused by 
impaction at (or recent passage through) the UVJ of a small 
stone (Fig. 16.57), transitional cell carcinoma of the blad- 
der, focal radiation cystitis, or even local invasion of part of 
the bladder trigone by a secondary malignancy. Depending 
on the duration of the obstruction and the size of the ab- 
normality within the bladder, these lesions may appear as 
primarily lucent UVJ masses with varying degrees of 
ureterectasis or as a “halo sign,” which is a lucent rim sur- 
rounding a dilated intramural ureteral lumen. Distinction 
among the various etiologies of pseudoureterocele can be 
made using a combination of radiographic findings (smooth 
vs. ragged margin of the filling defect, presence or absence 
of a calcified stone), clinical information (recent or ongoing 
colic), or cystoscopy. 


Procidentia 


Procidentia of the uterus is an uncommon cause of bilateral 
ureteral obstruction; in severe cases, it has led to hy- 
dronephrosis and progressive renal failure. The patients are 
usually elderly females with severe uterine prolapse. 
Urography may demonstrate the abnormality, especially if 
an upright film is included. The ureters are seen to descend 
through the pelvic floor (Fig. 16.58), and may or may not 
be accompanied by urographic signs of bladder prolapse 


FIGURE 16.57. Pseudoureterocele. A dilated left ureter with a 
“halo sign” surrounding the ureteral orifice is seen in this patient 
with a calculus impacted at the ureterovesicle junction. 


FIGURE 16.58. Prolapsed bladder and distal ureter. This uro- 
gram reveals the nonprolapsed portion of the bladder; the pro- 
lapsed portion was not included on the film. The left ureter de- 
scends through the pelvic floor toward the prolapsed segment of 
the bladder. 


(Fig. 16.59). The mechanism of ureteral obstruction is 
poorly understood; ureteral kinking, obstruction produced 
by the uterine artery, pressure from the levator ani muscles, 
and mechanical deformity of the ureteral meati in the blad- 
der have all been proposed. 


Ureteral Herniation 


Hernia of the ureter is rare, but is usually recognized on uro- 
grams. Occasionally, a herniated ureter may be obstructed. 


FIGURE 16.59. Bladder prolapse. The bladder is seen extending 
through the vagina on this upright radiograph from an excretory 
urogram. 
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Inguinal, femoral, or sciatic hernias may include the ureter. 
The ureter accompanies hernias into the groin or scrotum 
only rarely and, of these cases, only a few are obstructed. 
Sciatic herniation is recognized by the characteristic ureteral 
course; the pelvic ureter extends laterally through the sacros- 
ciatic notch, producing a hairpin-shaped redundancy (Fig. 
16.29), which is only rarely obstructed. 


Ureteral Stricture 


Strictures of the ureter, not associated with a known 
pathogen or neoplasm, commonly result from some form of 
ureteral injury, either iatrogenic, after radiation therapy, or 
from external violence. The stricture is caused by damage to 
the blood supply of the ureter with resultant fibrosis. 
Approximately 10% of patients who undergo ureteroileal 
conduit diversion after cystectomy will develop a benign 
stricture at the ureteroileal anastomosis. 

Antegrade transluminal dilation offers an alternative to 
surgical therapy for the treatment of such strictures. The 
long-term results of balloon catheter dilation of ureteral 
strictures have been reported in several series. Johnson and 
associates report that for strictures less than 7 months old, 
an approximate 65% success rate was achieved; in strictures 
present for longer than 7 months, however, balloon uretero- 
plasty was not successful. Lang and Glorioso reported an 
overall success rate of 50% for long-term patency. In this se- 
ries also, procedures for strictures of short duration and 
those not associated with a compromised vascular supply of 
the ureter (i.e., after radiation therapy) had a higher success 
rate. Shapiro and coworkers have reported, however, that 
long-term success with the subgroup of patients having 
ureteroileal stricture dilation is only 16% in patients fol- 
lowed for at least one year. 


Ureteral Fistulae 


Ureteral fistulae may develop as a result of penetrating 
trauma or as a complication of ureteral surgery involving or 
adjacent to the urinary tract (Fig 16.60). They may also de- 
velop as a result of adjacent malignant or inflammatory dis- 
ease. 

Most ureteral fistulae present with associated urinary 
tract infection or with clinical evidence of urine flow 
through the fistula. Rarely, fistulae between the ureter and a 
blood vessel may result in massive gross hematuria. 

The diagnosis of a ureteral fistula is usually established by 
ureterography. Direct (antegrade or retrograde) injection of 
contrast medium into the ureter is more likely to demon- 
strate the fistula than excretory urography because of the 
higher contrast concentration and greater intraureteral pres- 
sures that can be achieved (Fig. 16.61). Rarely, contrast 
studies of the gastrointestinal tract in patients with 
ureteroenteric fistulae demonstrate a communication with 
the ureter. CT may demonstrate the primary lesion and 
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FIGURE 16.60. Ureteroenteric fistula. A fistula between the 
ureter and the small bowel is demonstrated on this urogram, a 
complication of a left to right transureteroureterostomy. 


movement of contrast medium through the fistula to or 
from the ureteral lumen. 

Interventional uroradiologic procedures using a variety 
of catheters and guidewires to cross the segment of the 
ureter containing the fistula with subsequent antegrade 
ureteral stenting now play a major role in the management 


FIGURE 16.61. Ureterovaginal fistula. Leakage of contrast ma- 
terial into the vagina (arrow) is demonstrated on an antegrade 
pyelogram. 


of such fistulae. Mitty and coworkers reported successful 
healing of ureteral fistulae in each of six patients in whom 
the procedure was technically successful. Lang reported a 
larger series of patients with ureteral leaks and fistulae; al- 
though the injured area of the ureter was successfully crossed 
in 41 of 50 patients, renal function was preserved for at least 
6 months in only 30 patients. 

Ureteroarterial fistulae are rare complications of pelvic ir- 
radiation or prolonged ureteral stenting. The diagnosis is 
usually established when arteriography is performed to eval- 
uate massive urinary tract hemorrhage. Transcatheter ther- 
apy with or without surgical bypass is the treatment of 
choice for this unusual complication. 
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BENIGN BLADDER CONDITIONS 
Filling Defects 


A filling defect is an area of incomplete opacification on urog- 
raphy, cystography, or computed tomography (CT) and de- 
notes something lying free within the bladder lumen. Filling 
defects in the bladder also can be seen on plain films if they 
are intrinsically radiopaque or if they become encrusted with 
calcium. Examples include calculi, blood clots, and foreign 
bodies. Contour defects are mural or mucosal lesions that al- 
ter the contour of the contrast-filled bladder; examples in- 
clude urothelial tumors, metaplastic and inflammatory 
masses, and wall thickening from any cause. Filling defects in 
the bladder must be differentiated from contour defects. 
Blood clots within the bladder may arise from a bleeding 
renal, ureteral, bladder, or prostate lesion. On excretory 
urography, a blood clot usually appears as an irregular, mo- 
bile filling defect, but occasionally may appear fixed in posi- 
tion and therefore may not be distinguishable from a tumor. 
Clots in the bladder may have a vermiform or worm-like ap- 
pearance if bleeding has occurred in the upper urinary tract 
and a clot has formed in the ureter. Ultrasound shows that 
the blood clot is quite echogenic, unlike a bladder tumor, 
which has an echogenicity similar to the bladder wall or 
other soft tissue. CT may help to distinguish a blood clot 
from a tumor by demonstrating the typical high attenuation 
of blood (60-80 Hounsfield units [HU]), and also is useful 


to exclude a radiolucent stone. 


Foreign bodies within the bladder are most commonly 
inserted by the patient. Among other items, pens, pencils, 
matches, wire, tubing, and string can be seen within the 
bladder lumen. Foreign bodies also may be iatrogenic in ori- 
gin or may result from penetrating trauma (e.g., bullets). 
Broken or shorn catheter fragments have been seen within 
the bladder. Another complication of bladder catheteriza- 
tion is the introduction of pubic hairs into the bladder. 
These may become encrusted with calcium (Fig. 17.1). 

Most foreign bodies within the bladder are radiopaque. 
Long-standing intravesical radiolucent foreign bodies com- 
monly have a deposit of encrusted calcium and may become 
apparent on plain films. Foreign bodies also are usually well 
seen on excretory urography and ultrasonography. 


Edema 


Mucosal edema around one ureteral orifice is most often 
caused by a stone impacted at the ureterovesical junction, 
but may also be due to the recent passage of such a stone 
(Fig. 17.2). Focal mucosal edema also may result from blad- 
der irritation by extravesical conditions such as acute ap- 
pendicitis, Crohn’s disease, or sigmoid diverticulitis. 
Another cause of focal edema is an indwelling catheter, 
whose tip may irritate the bladder wall, typically near the 
dome. Generalized bullous edema may accompany acute 
cystitis secondary to infectious or inflammatory (irritative) 
etiologies. 
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FIGURE 17.1. A: A plain-film radiograph of the pelvis showing multiple irregular elongated cai- 
cifications within the bladder outline. B: Gross specimen of calcific encrusted hairs after removal 
at cystoscopy. (From Amendola MA, Sonda LP, Diokno AC, et al. Bladder calculi complicating in- 
termittent clean catheterization. AJR 1983;141:751, with permission.) 


Excretory urography and cystography show the irregular- 
ity of the bladder wall as a contour defect (Fig. 17.3A) when 
the bladder is filled with contrast medium. The etiology of 
bladder edema cannot always be ascertained by imaging, 
and a malignant bladder infiltration should be excluded in 
such cases. Either ultrasound or CT may show an extravesi- 
cal cause for localized bladder edema, such as an appendiceal 
abscess, a diverticular abscess, or a mass due to Crohn’s dis- 
ease. If no localized extravesical mass is seen, care should be 
taken to visualize the bladder wall for localized thickening, 


FIGURE 17.2. Excretory urogram in a patient with severe right 
renal colic. A faintly opacified stone (arrow) is seen at the right 
ureterovesical junction. The contour defect in the bladder outline 
represents edema. (From McCallum RW, Colapinto V. Urological 
radiology of the adult male lower urinary tract. Springfield, IL: 
Charles C Thomas, 1976;271, with permission.) 


which may indicate a bladder tumor causing localized 
edema. On CT the density of the edematous mucosa is only 
slightly less than that of soft tissue and presents as a contour 
defect of the bladder wall. CT is unlikely to distinguish 
edema from other causes of bladder wall thickening, includ- 
ing the presence of infiltrating bladder tumor (Figs. 17.3B 
and C). 


Infections 


Virtually all acute infections of the bladder can, if severe, re- 
sult in diffuse bullous edema of the urothelium, leading to a 
nodular irregular contour of the bladder on imaging studies. 
In many instances, with proper therapy, this acute pattern 
will resolve in a matter of days and the bladder will return to 
its normal smooth appearance. However, severe infections 
can progress to a chronic phase, in which the bladder capac- 
ity is significantly reduced by fibrosis and contraction of the 
bladder wall. An identical chronic cystitis occurs with many 
of the inflammatory (irritative) processes discussed later in 
this chapter. 


Acute Bacterial Cystitis 


Acute cystitis is present when more than 100,000 bacteria 
are present in 1 mL of fresh urine. Most bacteria causing 
cystitis enter the bladder through the urethra. Escherichia 
coli is the most commonly encountered organism, but other 
common agents include species of Staphylococcus, 
Streptococcus, Proteus, Pseudomonas, Aerobacter, and 
Candida. Tuberculosis typically infects the bladder by de- 
scent down the ureter from a granulomatous focus in one or 
both kidneys. 

Several factors contribute to the resistance of the bladder 
to becoming infected. These include a natural resistance of 
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FIGURE 17.3. A: Excretory urogram in a patient with acute ful- 
minating cystitis and severe bladder edema. Note the markedly 
reduced bladder capacity due to edema. B: Computed tomogra- 
phy of the same patient showing marked bladder wall thicken- 
ing. C: Computed tomography one month later. The edema has 
subsided, but the bladder wall remains irregularly thickened. 
Multiple bladder biopsies showed infiltrating transitional cell 
carcinoma. (Courtesy of P. Poon, MD.) 


the bladder mucosa to invasion by infection, the washing of 
organisms out of the bladder by normal voiding, and trap- 
ping of organisms entering the bladder through the urethra 
by mucous secretion of the periurethral glands or the bacte- 
ricidal effect of prostatic secretions. Bladder infection is al- 
most invariably the result of interference with one or more 
of these factors. For example, the bladder mucosa may be 
damaged by trauma, stone, or tumor; outlet obstruction re- 
sults in residual urine, so that bacteria are not completely 
washed out; and bladder catheterization or instrumentation 
may introduce infection by bypassing the protective mech- 
anisms of the urethra and prostate. Acute cystitis can present 
with varying degrees of severity. In women, associated hem- 
orrhage is common. 

The excretory urogram is typically normal. However, in 
more severe cases, generalized bullous edema may result in a 
cobblestone appearance of the bladder wall. This finding is 
usually more apparent on films with the bladder partially 
filled or on the postvoid film if some residual contrast 


medium is present (Fig. 17.3A). Acute cystitis usually re- 
sponds well to antibiotic therapy, and in uncomplicated 
cases with common organisms, does not progress to chronic 
disease. While cystitis may recur two or three times a year in 
sexually active women, more frequent recurrence of acute 
cystitis and cases that are resistant to antibiotic therapy 
should raise the possibility of an underlying causative lesion 
within the urinary tract or from a source outside but adjacent 
to the bladder. In such cases, imaging of the entire urinary 
tract and cystoscopic evaluation of the bladder are usually in- 
dicated to exclude causes such as urinary stone disease, blad- 
der diverticulum, colovesical fistula, and perivesical abscess. 

Cystitis due to tuberculosis is an interstitial process ini- 
tially associated with mucosal edema and later progressing 
to bladder wall thickening and fibrotic contraction with re- 
duced bladder capacity and a predisposition to vesi- 
coureteral reflux (Fig. 17.4). Rarely, there is calcification of 
the bladder wall as well as of the vasa deferentia, the seminal 
vesicles, the prostate, and the epididymides. 


FIGURE 17.4. Tuberculous cystitis. The bladder is contracted and 
irregular and allows significant reflux into the right kidney. Note 
the parenchymal calcifications in the left kidney. 


Emphysematous Cystitis 


Emphysematous cystitis is a rare condition almost always 
found in diabetic or immunocompromised patients. This is 
a true infectious cystitis most often due to E. coli, which fer- 
ments glucose to produce carbon dioxide and hydrogen. 
This gas is initially formed in the bladder wall and subse- 
quently transgresses the mucosa into the lumen of the blad- 
der. Emphysematous cystitis is associated with the same 
type of irritative symptoms as any other acute bladder in- 
fection. Cystoscopic examination reveals a red and edema- 
tous mucosa with multiple blebs that rupture easily, releas- 
ing gas. 

Gas within the lumen but not in the bladder wall is usu- 
ally the result of catheterization or instrumentation in which 
air is introduced during the procedure. It may also be caused 
by a fistula between the bladder and the colon, small bowel, 
or vagina. Rarely is it caused by cystitis alone. 

In patients with emphysematous cystitis, the plain film 
typically shows gas within the bladder and irregular streaky 
radiolucencies within the bladder wall (Fig. 17.5). Gas may 
occasionally be seen in the ureters, which should raise the 
possibility of vesicoureteral reflux; however, it is possible for 
gas to pass through a competent vesicoureteral junction. Air 
within the bladder should not be mistaken for rectal air. Air 
within the bladder conforms to the bladder shape, i.e., ovoid 
with the long axis horizontal (like an egg on its side) and in 
central position low in the pelvis (Fig. 17.6). Gas within the 
rectum has a vertical orientation, and the rectal folds often 
may be recognized. A lateral radiograph often is definitive 
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FIGURE 17.5. Emphysematous cystitis. Linear collections of gas 
within the bladder wall (arrows) indicate infection in this patient 
with diabetes mellitus. 


by distinguishing the anterior position of the bladder from 
the posterior location of the rectum. CT clearly shows the 
mural and luminal location of the gas (Fig. 17.7). 

Emphysematous cystitis almost always responds rapidly 
to appropriate antibiotic therapy and control of underlying 
diseases such as diabetes. It does not progress to a chronic 
condition. 


Schistosomiasis 


Schistosomiasis (Bilharzia) is one of the most common par- 
asitic infections in the world. It can be contracted in many 
parts of the world but is especially prevalent in the Nile 


FIGURE 17.6. Gas within the bladder outline (arrows) resulting 
from colovesical fistula. (Modified from McCallum RW, Colapinto 
V. Urological radiology of the adult male lower urinary tract. 
Springfield, IL: Charles C Thomas, 1976;302, with permission.) 
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FIGURE 17.7. Computed tomography section through the blad- 
der in a patient with emphysematous cystitis clearly shows gas 
within the bladder wall. The gas has ruptured into the bladder lu- 
men, resulting in a gas/fluid level anteriorly. (From Amis ES Jr, 
Newhouse JH. Essentials of uroradiology. Boston: Little, Brown 
and Co, 1991:294, with permission.) 


Valley. Only Schistosoma hematobium affects the urinary 
tract. The definitive host is a human and the intermediate 
host is a fresh water snail. Because the disease typically in- 
volves the intestines and bladder, eggs escape the human 
host in the feces and urine. These eggs, when deposited in 
fresh water, hatch into miricidia, which infest snails, de- 
velop, and emerge as infective cercariae. These cercariae in- 
fect humans during swimming, wading, or bathing in in- 
fested waters. After the skin is penetrated, they enter 
peripheral capillaries, drain to the lung, squeeze through the 
alveolar capillaries, and enter the systemic circulation. The 
only cercariae that survive enter the mesenteric arteries and, 
hence, pass through the portal venous system. They develop 
into adolescent flukes in the portal blood and then migrate 
against the flow in the portal system using two suckers, 
which they alternately attach to the wall of a vein. They 


FIGURE 17.8. Plain-film radiograph of the pelvis showing 
marked bladder wall calcification. Seminal vesicle calcification 
also is seen through the bladder outline. (Courtesy of S. Sejeni, 
MD.) 


eventually reach the smallest venules in the wall of the blad- 
der, probably through the hemorrhoidal plexus. From there, 
millions of eggs enter the urine, or are trapped in the blad- 
der walls where they die, producing a severe granulomatous 
reaction. The granulomas calcify, causing linear streaks of 
calcium in the bladder wall. Large conglomerations of eggs 
in the bladder wall produce masses known as bilharzioma, 
which may eventually calcify. 

The clinical presentation of patients with schistosomiasis 
is typically with hematuria. In initial stages, the bladder mu- 
cosa is edematous and hemorrhagic. Later, the bladder be- 
comes fibrotic with a reduced volume and calcified wall. 
Cystoscopic examination is mandatory to exclude squamous 
cell carcinoma of the bladder, which has a markedly in- 
creased incidence in patients with schistosomiasis. Biopsy 
may be necessary to distinguish bilharzioma from carci- 
noma, although carcinoma usually presents as a later com- 
plication. Schistosomiasis rarely affects the kidneys or col- 
lecting systems, except by obstruction due to bladder disease 
or involvement of the distal ureter. 

Urographic findings in patients with early schistosomia- 
sis may show an irregular bladder outline caused by edema 
and granulomatous reaction. As the disease progresses, 
plain-film radiography may show dense calcification of the 
bladder wall or bladder stones. Calcification of the distal 
ureter may also be seen (Figs. 17.8 and 17.9), but is rarely 


FIGURE 17.9. Plain-film radiograph in a patient with schistoso- 
miasis. Crescentic calcifications are seen in the bladder wall (ar- 
rows). A large laminated stone is seen within the bladder. The 
ureter is dilated and calcified. (Modified from McCallum RW, 
Colapinto V. Urological radiology of the adult male lower urinary 
tract. Springfield, IL: Charles C Thomas, 1976;272, with permis- 
sion.) 


present without bladder involvement. A bladder tumor 
should be suspected when follow-up studies show absence of 
wall calcification in areas that were previously calcified (Fig. 
17.10). While there are other causes of bladder calcification, 
none is as common or as dramatic as schistosomiasis. The 
ureterovesical junction may be partially obstructed by the 
changes in the bladder wall, resulting in ureteral dilation. 
Excretory urography may show obstructive dilation of the 
upper urinary tracts in such cases. Schistosomiasis also may 
affect the prostate and urethra. The disease is destructive 
and results in urethral fistula formation, producing a pattern 
similar to that seen with advanced tuberculosis. Fistulae may 
drain into the perineum, scrotum, suprapubic skin, or but- 
tocks. 

CT is more sensitive than excretory urography in visu- 
alizing faint calcifications in the walls of the ureters and 
bladder in patients with suspected schistosomiasis (Fig. 
17.11). 


CAUSES OF BLADDER WALL 
CALCIFICATION 


m Schistosomiasis 

m Tuberculosis 

m Radiation cystitis 

m Cytoxan cystitis 

w Alkaline encrustation cystitis 
= Amyloidosis 

m Tumor 


FIGURE 17.10. Plain-film radiograph of the pelvis reveals a 
faintly calcified wall in a somewhat contracted bladder in a pa- 
tient with schistosomiasis. Note that the right inferolateral wall 
of the bladder is not calcified (arrows). This loss of calcification in 
a previously calcified bladder is indicative of the development of 
a tumor in this region. 
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FIGURE 17.11. Schistosomiasis. Computed tomography shows 
calcification in an otherwise normal bladder wall. 


Candidiasis 


Candidiasis of the bladder, typically seen in poorly con- 
trolled diabetic patients causes fermentation of sugars in the 
urine, forming gas in the bladder lumen. It also may present 
as a fungus ball in the lumen. These fungus balls may be sin- 
gle or multiple, and are seen as laminated, gas-containing 


filling defects within the bladder (see Chapter 7). 


Inflammatory Conditions 
Radiation Cystitis 


Usually seen after external beam irradiation doses of 3,000 
rads or more, the acute form of radiation cystitis is associ- 
ated with edema and hemorrhage. This acute phase is usu- 
ally self-limiting and resolves completely. However, it may 
progress to mucosal ulceration, fibrosis, and a small capacity 
bladder. Rarely, calcification of the bladder wall may occur. 
Hemorrhage in the acute phase may be severe, and angio- 
graphic embolization may be necessary to control bleeding. 
Cystography and excretory urography show contour irregu- 
larity of the bladder wall due to edema that is indistinguish- 
able from other causes of bladder mucosal edema (Fig. 
17.12). Fortunately, severe cystitis as a complication of ra- 
diation therapy is uncommon. 


Cyclophosphamide Cystitis 


Up to 40% of patients treated with cyclophosphamide 
(Cytoxan, Bristol-Myers Squibb, New Brunswick, NJ) may 
develop an acute hemorrhagic cystitis. The inflammatory 
change is caused by exposure of the bladder mucosa to the 
metabolic end products of this chemotherapeutic agent. 
Marked bladder edema and hemorrhage can occur (Fig. 
17.13); hemorrhage may be so severe that angiographic em- 
bolization may be required. Massive bleeding may require 
heroic measures for control, including instillation of forma- 
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FIGURE 17.12. Radiation cystitis. Bladder irradiation has re- 
sulted in marked thickening of the bladder wall with edema. 


lin into the bladder or even cystectomy. The acute form, 
usually following high-dose intravenous injections of cy- 
clophosphamide, tends to resolve with symptomatic ther- 
apy. A chronic form can occur after many months of oral cy- 
clophosphamide therapy, progressing to a contracted 
bladder. Bladder wall calcification is a rare finding in these 
patients. There is an increased incidence of bladder carci- 
noma in patients being treated with cyclophosphamide (Fig. 
17.14). 


Eosinophilic Cystitis 


Eosinophilic cystitis occurs in patients with severe allergic 
conditions and is more common in women. Rarely, it is seen 
in elderly men in association with chronic outlet obstruc- 
tion. Eosinophilic infiltration of the bladder mucosa and 


FIGURE 17.14. Transitional cell carcinoma in a patient treated 
with cyclophosphamide. The transitional cell carcinoma extends 
through the bladder wall producing a large extravesical mass. 


submucosa results in edema, hemorrhage, and ulceration. 
Imaging of the bladder shows mucosal irregularity associ- 
ated with focal or diffuse wall thickening (Fig. 17.15). The 
condition usually responds well to steroids. 


Alkaline Encrustation Cystitis 


Alkaline encrustation cystitis may occur in association with 
bladder infection, typically P. mirabilis. Urea-splitting bac- 
teria may cause a virulent cystitis, resulting in areas of necro- 
sis and sloughing in the mucosa and a severe inflammatory 
reaction in the muscularis and adventitia. An alkaline urine 
is produced by the release of ammonia from urea, which 
leads to calcium salt deposition in the necrotic areas of the 


FIGURE 17.13. Cyclophosphamide cystitis. A: Marked thickening of the bladder wall is demon- 
strated on this pelvic computed tomography examination. B: The markedly thickened bladder 


wall has caused bilateral ureteral obstruction. 
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FIGURE 17.15. Eosinophilic cystitis. A: Urogram shows marked irregular thickening of the left 
bladder wall. B: Ultrasound confirms the nodular wail thickening. These findings resolved within 


6 weeks on steroid therapy. 


mucosa; calcification may then be seen in the bladder wall 
(Fig. 17.16). 


Interstitial Cystitis 


Interstitial cystitis is seen only in women, usually after 
menopause. The mucosa is hemorrhagic, and a typical find- 
ing at cystoscopy is ulceration near the bladder dome that 
cracks and bleeds with bladder distention. This lesion is 
known as a Hunner’s ulcer. Infiltration of the bladder wall 
with chronic inflammatory cells results in fibrosis and a very 
small bladder, often with a capacity of no more than 30 to 


FIGURE 7.16. Alkaline encrustation cystitis. Plain-film radio- 
graph of the pelvis reveals irregular sheet-like calcification in the 
region of the bladder. This elderly man proved to have a grossly 
enlarged prostate with severe outlet obstruction. 


50 mL. Interstitial cystitis has no known etiology, and no as- 
sociated conditions have been identified. The condition is 
extremely debilitating because of the small bladder capacity 
and the pain associated with overfilling. 


Malacoplakia 


Malacoplakia of the bladder is of unknown etiology, but is 
associated with conditions such as pulmonary tuberculosis, 
chronic osteomyelitis, and long-standing malignant disease 
elsewhere in the body. Malacoplakia may be associated with 
coliform bladder infection. The bladder mucosa is involved 
with multiple, yellow-gray plaques that tend to occur in the 
bladder base. The histology of these plaques shows histio- 
cytes, lymphocytes, and plasma cells. Michaelis-Gutmann 
bodies in the biopsy specimen are diagnostic; these calco- 
spherules are thought to result from phagocytized bacteria. 
Radiographically, rounded contour defects predominantly 
in the region of the trigone may be difficult to differentiate 
from cystitis cystica. Occasionally this benign process may 
resemble a tumor, requiring biopsy for diagnosis. 


Infiltrating Lesions 
Amyloidosis 


Amyloidosis of the bladder is extremely rare. It may be pri- 
mary or secondary and may be associated with amyloidosis 
elsewhere. The patient presents with hematuria and urinary 
frequency. Cystoscopy shows irregular infiltrating lesions in 
the mucosa and submucosa that bleed readily. Biopsy is nec- 
essary for diagnosis. Excretory urography, ultrasound, and 
CT may show multiple contour defects projecting into the 
bladder from the bladder wall, but the appearance is non- 
specific and cannot be distinguished from other mucosal le- 
sions. The bladder base often is spared. Rarely, bladder wall 
calcification develops within the submucosal infiltrations. 
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FIGURE 17.17. Endometriosis of the bladder. A: Bladder phase of an excretory urogram reveals 
a smooth ovoid contour defect in the dome of the bladder. B: Computed tomography shows that 
this soft tissue mass involving the bladder wall (arrows) extends directly from an irregular pelvic 
mass. This proved to be endometriosis. (From Amis ES Jr, Newhouse JH. Essentials of uroradiology. 
Boston: Little, Brown and Company, 1991:297, with permission.) 


Endometriosis 


Although uncommon, the bladder is the most frequent site 
in the urinary tract to be involved with endometriosis. 
Endometrial tissue may infiltrate through the bladder mus- 
cle and produce mural masses projecting into the bladder lu- 
men. This condition results in cyclic hematuria that is more 
prominent at menstruation. The diagnosis is based on his- 
torical and cystoscopic findings. Ultrasound, CT, and mag- 
netic resonance imaging (MRI) may be helpful in showing 
a mural mass protruding into the bladder, typically near the 
dome (“blue dome cyst”), as a direct extension of an ex- 
trauterine endometrial mass (Fig. 17.17). Other masses may 
be seen elsewhere in the pelvis and in the peritoneal space. 


Perivesical Inflammatory Lesions 


Inflammatory lesions in the pelvis can abut the bladder and 
produce reactive thickening of the bladder wall (Fig. 17.18) 
and mucosal irregularities. Mucosal changes may at times be 
so severe as to appear tumefactive (Fig. 17.19). If untreated, 
fistulization can occur. Typical conditions that can involve 
the bladder include appendiceal, diverticular, and tuboovar- 
ian abscesses. The bladder changes caused by such condi- 
tions may at times be difficult to differentiate from meta- 
plastic processes or urothelial neoplasms originating in the 
bladder. Direct extension of tumor into the bladder from 
adjacent organs also can have a similar imaging appearance. 
However, the clinical presentation of a perivesical abscess 
should suggest an infectious process, and ultrasound or CT 
can be helpful in establishing the definitive diagnosis. 


Proliferative/Metaplastic Conditions 
Cystitis Cystica 


Cystitis cystica is a benign condition, most commonly 
found in women with recurrent or chronic cystitis sec- 
ondary to £. coli infection. Dome-like cystic lesions 1 to 2 
cm in diameter tend to occur in the bladder base and on the 
trigone; these lesions result from degeneration of subepithe- 
lial clusters of transitional cells known as von Brunn’s nests. 
Radiographically, the bladder base shows multiple, rounded 
contour defects (Fig. 17.20), a finding suggestive of, but not 
specific for, cystitis cystica. 


FIGURE 17.18. Computed tomography of the pelvis in a patient 
with an extensive thick-walled appendiceal abscess (arrows). 
Note the marked adjacent bladder wall thickening. 


FIGURE 17.19. Transabdominal ultrasound scan in a patient 
with Crohn‘s disease. The inflammatory bowel process abuts the 
bladder, causing localized bladder wall edema (markers). Proven 
at cystoscopy. 


Cystitis Glandularis 


Cystitis glandularis occurs with further metaplasia of the 
von Brunn’s nests into glandular structures resembling in- 
testinal epithelium. It is seen with chronic or recurrent in- 
fections and may be associated with pelvic lipomatosis. 
These lesions are considered premalignant because they oc- 
casionally transform into adenocarcinomas. On cystoscopy; 
typically one or more irregular mucosal lesions grossly re- 


FIGURE 17.20. Cystitis cystica. Bladder phase of urogram 
(oblique view) shows smooth rounded contour defects in the 
bladder base (c) representing cysts. 
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FIGURE 17.21. Multiple rounded masses are appreciated in the 
bladder wall in this patient with cystitis glandularis. 


semble bladder cancer. Radiographically, these lesions can- 
not be clearly differentiated from cancer (Figs. 17.21 and 
17.22) and often require biopsy to establish the diagnosis. 


Nephrogenic Adenoma 


Nephrogenic adenoma is a very rare proliferative response of 
the bladder epithelium to chronic infection or irritation. 
The name derives from the histologic appearance of the le- 
sions, which is similar to that of the proximal tubules of the 
nephron. This lesion is more common in the bladder than 
in other locations in the urinary tract, and can have diverse 
gross and radiographic appearances. Typically, the lesions 
may range from mucosal irregularities to large malignant- 
appearing masses arising from the bladder wall. No specific 
findings allow differentiation of nephrogenic adenoma from 


FIGURE 17.22. Cystitis glandularis. Bladder phase of urography 
shows irregular, frond-like defects in the bladder. Biopsy is re- 
quired to differentiate this metaplastic process from transitional 
cell carcinoma. 
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bladder cancer, and biopsy is necessary to establish the diag- 
nosis. While this condition is not considered premalignant, 
it can involve the bladder extensively and is difficult to erad- 
icate. 


Diverticula 


Bladder diverticula usually occur as a result of bladder out- 
let obstruction. Rarely, a congenital deficiency in bladder 
musculature adjacent to the ureterovesical junction results 
in a diverticulum adjacent to the ureteral orifice (Fig. 
17.23). This is termed a “Hutch” diverticulum and is com- 
monly associated with ipsilateral vesicoureteral reflux. 

Bladder diverticula due to outlet obstruction are rare in 
children, but may occur in the clinical setting of urethral 
valves. Neurogenic dysfunction of the bladder is another 
cause of multiple diverticula in children. In men, diverticula 
can be found associated with any cause of bladder outlet ob- 
struction, including urethral stricture (Fig. 17.24), prostatic 
hypertrophy, or prostatic carcinoma, although hypertrophy 
is the most common cause. Acquired bladder diverticula are 
rare in women. 

Multiple bladder diverticula are common, usually arising 
from the lateral walls and rarely arising near the bladder 
dome. A wide-necked diverticulum empties readily when 
the bladder empties. A narrow-necked diverticulum empties 
slowly as the bladder empties and is therefore more likely to 
have residual urine and urinary stasis. A large bladder diver- 
ticulum may displace the bladder to the opposite side and 
may be larger than the bladder. In such cases, the bladder is 
identified on urography by its irregular trabeculated contour 
and on CT by its thickened wall, while the diverticulum has 


FIGURE 17.23. Hutch diverticulum. A cystogram demonstrates 
reflux into the left ureter and a diverticulum adjacent to the 
ureter. 


FIGURE 17.24. Severe bulbous urethral stricture causing outlet 
obstruction. Multiple bladder diverticula and saccules are seen. 


a smooth thin wall. A large lateral wall diverticulum tends to 
deviate the ipsilateral distal ureter medially. 

There may be a higher incidence of tumor in bladder di- 
verticula than in the bladder lumen itself, explained by sta- 
sis of carcinogen-laden urine in the diverticulum. There is a 
tendency for such tumors to spread outside the bladder 
more rapidly than bladder lumen tumors because the wall of 
the diverticulum consists only of urothelium protruding be- 
tween muscle bundles and is not surrounded by detrusor 
muscle. 

Excretory urography commonly shows a diverticulum 
(Fig. 17.25), but occasionally a narrow-necked diverticulum 
does not fill with contrast medium and can be overlooked. 
Oblique views should be obtained during urography or cys- 
tography to evaluate the back of the bladder. A film ob- 
tained after voiding may demonstrate contrast in a poorly 
draining diverticulum. If a bladder diverticulum is sus- 
pected but is not visualized, cystography is indicated. 
Cystography may be performed with a catheter in the blad- 
der, but retrograde urethrography can provide information 
regarding the cause of outlet obstruction. A filling defect in 
a diverticulum may be caused by stone, debris, or tumor. 

Ultrasound also is effective in the assessment of bladder 
diverticula. Echo-free outpouchings from the bladder are 
readily seen (Fig. 17.26), and filling defects within a diver- 
ticulum such as stones or tumor also are visible. Tumor 
within a diverticulum may present as a soft-tissue mass in 
the diverticulum or only as thickening of the diverticulum 
wall, while stones produce typical shadowing. 

CT also is an excellent method of assessing bladder di- 
verticula (Fig. 17.27), but is usually unnecessary. Stones are 


FIGURE 17,25. Bladder diverticulum. The irregular contour of 
the bladder is easily distinguished from the smooth contours of 
the diverticulum (D) on this excretory urogram. 


easily seen on unenhanced CT images as high-attenuation 
filling defects, whereas a tumor presents as a soft tissue mass 
arising from the diverticulum wall and protruding into the 
contrast medium-filled diverticulum (Fig. 17.28). 
Occasionally, a diverticulum may not fill with contrast 
medium because a tumor completely occupies its lumen or 
obstructs its neck (Fig. 17.29). MRI has been recently de- 
scribed as useful in evaluating tumors arising in bladder di- 
verticula. 


Herniation 


Patients with herniation of the bladder into or through the 
inguinal canal present with swelling in the groin or scrotum 


FIGURE 17.26. Transabdominal ultrasound showing the urine- 
filled bladder with a urine-filled, wide-necked diverticulum (D). 
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FIGURE 17.27. Computed tomography section clearly shows the 
bladder diverticulum (D). Air within the diverticulum and bladder 
is due to recent instrumentation. 


that increases as the urinary bladder fills and subsides as the 
patient voids. This may cause painful, partly obstructed 
micturition because the trigone tends to remain in normal 
position, resulting in a sharp angle at the inguinal canal. 
Bladder herniation most commonly is paraperitoneal in lo- 
cation, with the bladder remaining extraperitoneal and me- 
dial to a true inguinal hernia sac. Herniation of the bladder 
also can be within a true hernia sac, or can occur totally ex- 
traperitoneally with the peritoneum remaining in the ab- 
domen. The bladder also may herniate through the femoral 
canal into the thigh or through various incisional hernias. 
Bladder herniation can occur in varying degrees and can 
usually be seen when the bladder is filled with contrast 
medium during excretory urography or cystography (Fig. 
17.30), although an upright film is occasionally necessary to 
make the diagnosis. A prevoid and postvoid ultrasound ex- 
amination also is useful for examination of suspected blad- 
der herniation. Bladder herniation may occasionally be seen 


as an incidental finding on CT (Fig. 17.31). 


Cystocele and Stress Incontinence 


A cystocele is defined as prolapse of the bladder into the an- 
terior portion of the vagina, and is seen radiographically as 
descent of the bladder below the symphysis pubis. A cysto- 
cele results from laxity of the pelvic floor muscles and is usu- 
ally only one component of pelvic floor dysfunction, which 
may include a cystocele, hypermobile bladder neck, vaginal 
vault prolapse, rectocele, enterocele, sigmoidocele, or rec- 
toanal intussusception. Conditions that predispose to pelvic 
floor dysfunction include multiparity, obesity, prior pelvic 
surgery, excessive straining, connective tissue disorders, neu- 
ropathy, and advancing age. 

While cystocele has been related to stress incontinence of 
urine in some reports, this type of incontinence is probably 
caused by the angle at which the urethra joins the bladder. 
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FIGURE 17.28. A: Excretory urogram showing a bladder diverticulum containing a lobulated fill- 
ing defect (arrows). B: Computed tomography clearly showing the filling defect within the con- 
trast medium-filled diverticulum (arrow). Proven transitional cell carcinoma. 


The posterior urethrovesical (PUV) angle should not be 
more than 100° in normal patients. Stress incontinence re- 
sults from gradual increase of the PUV angle due to back- 
ward and downward rotation of the posterior bladder wall. 

Although chain cystourethrography was used in the past 
to measure the PUV angle, this has been replaced with dy- 
namic cystourethrography. Since as many as 95% of women 
have involvement of more than one compartment, this ex- 
amination is often combined with an examination of the 
posterior component and called cystoproctography. Patients 


drink 500 mL of a barium mixture to opacify the pelvic 
small bowel before 200 mL of water-soluble contrast is in- 
troduced through a catheter to opacify the bladder. The 
vagina is opacified with a vaginal gel mixed with a high-den- 
sity barium suspension and finally the rectum is opacified 
using a barium suspension followed by a thick barium paste. 
Lateral radiographs are obtained with the patient sitting on 
a commode at rest and during maximal straining. The ex- 
amination may be tailored to the specific clinical setting, but 
it is important to image the bladder before opacification of 


FIGURE 17.29. Bladder diverticulum filled with tumor. A: Bladder phase of an excretory urogram 
reveals a soft tissue mass (arrows) deviating bladder slightly to right. B: Sonogram shows tumor 
filling the diverticulum (arrows) with exophytic tumor extending into bladder lumen. This part of 
the tumor was not appreciated on the urogram because of the opacity of the contrast in the blad- 


der. 


FIGURE 17.30. Bladder herniation. Cystogram shows part of 
bladder herniated into scrotum. 


the rectum as rectal distention may elevate the bladder. 
Recently, MRI has been used to evaluate the pelvic floor 
without bladder or rectal opacification. 


Fistulae 


Fistulae may develop between the bladder and the large or 
small bowel, or between the bladder and the vagina. Fistulae 
to the bowel are far more difficult to detect unless the com- 
munication is large. 


Enterovesical and Colovesical Fistulae 


Fistulae to the bowel are classically described as presenting 
with fecaluria and pneumaturia. Another common presen- 
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tation is persistent urinary tract infection, resulting from a 
microscopic communication between the bladder and 
bowel that allows passage of bacteria, but not gas or stool. 

When small bowel is involved, the term enterovesical fis- 
tula is preferred. Such fistulae are usually caused by Crohn’s 
disease. The rectosigmoid colon is the most frequently in- 
volved segment of the large bowel in fistula development. 
These are called colovesical fistulae, and the most common 
cause in the United States is diverticulitis. Colon cancer is 
the second most common cause. Other causes of fistulae be- 
tween the bladder and the bowel include penetrating 
trauma, surgical misadventures, other inflammatory pro- 
cesses such as appendiceal abscess or pelvic inflammatory 
disease, and bladder infections with granulomatous condi- 
tions such as schistosomiasis and tuberculosis. 

The presence of gas in the bladder on plain films may in- 
dicate a fistula. However, recent instrumentation by 
catheterization or cystoscopy, or acute cystitis with Æ. coli 
also may produce such a finding. Gas in the bladder wall is 
found only in emphysematous cystitis. 

Of the contrast studies, excretory urography is disap- 
pointing because it often fails to demonstrate any but the 
most gross fistulae, probably because the bladder is not dis- 
tended during the procedure. Cystography is positive in ap- 
proximately 50% of cases. Findings suggestive of a fistula on 
urography are focal irregularity and thickening of the blad- 
der wall. Even using multiple studies, the likelihood of 
demonstrating the flow of contrast medium from bladder to 
bowel or bowel to bladder is not high. Barium enema or 
small bowel studies are positive in even fewer cases. 
However, when the fistulous tract is widely patent, imaging 
of the contrast-filled bladder or bowel dramatically demon- 
strates the communication. Cystoscopy may show the actual 
fistula in gross cases; the more typical finding is an isolated 
area of inflammation of the bladder wall. 

When fistula is suspected but cannot be demonstrated by 
standard examinations, CT has proved to be a sensitive 


FIGURE 17.31. A, B: Bladder herniating into the inguinal canal (arrow) was found as an inci- 
dental finding on this contrast-enhanced computed tomography examination. 
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FIGURE 17.32. A: Computed tomography examination in a patient with diverticulitis and para- 
colic abscess. The examination clearly shows evidence of diverticulitis and an irregular leak of bar- 
ium (arrow) from the sigmoid colon. B: Same patient showing small pocket of air within the blad- 


der. 


modality for detecting the condition. A small amount of air 
in the bladder lumen can be seen in 90% of patients (Fig. 
17.32) and an equal number exhibit focal bladder wall 
thickening, associated with focal thickening of a loop of 
small or large bowel adjacent to the bladder (Fig. 17.33). In 
approximately 75% of patients, a soft tissue mass is seen ad- 
jacent to the bladder. The diagnosis can usually be inferred 
from these findings in patients with predisposing condi- 
tions. As in cystography and barium enema, CT shows flow 
of contrast medium through the fistula in only about 50% 
of cases. 


Vesicovaginal Fistula 


Vesicovaginal fistulae result in painless constant dribbling of 
urine from the vagina. They are a known complication in 
patients undergoing hysterectomy or other pelvic surgery, 
especially when preoperative irradiation was used. In a re- 
view from the Mayo Clinic, Lee and colleagues found that 
75% of cases occurred after hysterectomy for a benign con- 
dition while the remainder were found after hysterectomy in 
patients with a pelvic malignancy. A rare cause of fistuliza- 
tion between the bladder and female genital tract is gyneco- 


FIGURE 17.33. Enterovesical fistula secondary to Crohn's disease. A: Computed tomography sec- 
tion through the bladder shows right focal bladder wall thickening with an adjacent loop of small 
bowel (arrow). (From Amis ES Jr, Newhouse JH. Essentials of uroradiology. Boston: Little, Brown 
and Company, 1991:294, with permission.) B: Barium study of the terminal ileum shows changes 


consistent with Crohn's disease (arrow). 
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FIGURE 17.34. A: Contrast enhancement is seen in both the bladder (8) and vagina (V). B: The 
lateral view demonstrates the fistulous tract between the bladder (8) and vagina (V). 


logic malignancy that invades the bladder. Such patients 
may be treated with percutaneous occlusion of the ureteral 
lumen and permanent nephrostomy drainage as an alternate 
to surgery. 

Vesicovaginal fistulae are usually relatively easy to 
demonstrate during urography or cystography. To visualize 
the contrast-filled vagina better, oblique, lateral (Fig. 
17.34), or postvoiding (Fig. 17.35) films may be necessary. 

Vesicouterine fistulae are a rare result of cesarean delivery 
and may present with a pattern of cyclic hematuria known 
as Youseff s syndrome. 


CAUSES OF BLADDER FISTULAE 


m Enterovesical 
Crohn’s disease 

m Colovesical 
Diverticulitis 
Colon carcinoma 

m Vesicovaginal 
Posthysterectomy 


Deviations and Impressions 


Various conditions in the pelvis extrinsic to the bladder can 
cause an impression on the bladder wall, can circumferen- 
tially compress the bladder, or can deviate the bladder to one 
side. 

Displacement or compression of the bladder implies a 
pelvic mass. There may be only a subtle mass effect on one 
wall, or the entire bladder may be dramatically deviated in 
any direction depending on the location of the mass. 
Common lesions that may indent the bladder include en- 
larged pelvic lymph nodes, tumors arising from the colon, 
reproductive organs, or mesenchymal tissues, presacral ter- 
atomas, iliac artery aneurysms, hematomas (Fig. 17.36), and 


abscesses. As previously discussed, a bladder diverticulum 
may become large enough to displace the bladder to one 
side; such a lesion is usually opacified during urography. An 
anterior meningomyelocele can occur behind the bladder 
and deviate the bladder anteriorly. These masses are usually 
accompanied by pathognomonic changes in the sacrum, in- 
cluding a well-corticated concavity on one side of the 
sacrum and deviation of the sacrum to the contralateral side. 
This is known as the “scimitar sacrum.” Other cystic lesions 
that can indent the bladder from behind include seminal 
vesicle and miillerian duct cysts. 

The female bladder may be impressed on its base, result- 
ing in a radiographic pattern similar to that of an enlarged 
prostate in an older man as seen on excretory urography 
(Fig. 17.37). This has been termed the “female prostate.” A 
variety of processes can produce this finding, the most com- 
mon being a urethral diverticulum of the proximal urethra. 
These can extend cephalad in the urethrovaginal septum 
and indent the bladder base. Other causes of the “female 


FIGURE 17.35. A postvoid film separates the contrast medium 
remaining in the bladder (B) from that in the vagina. 
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FIGURE 17.36. Postoperative pelvic hematoma. A: Cystogram shows left pelvic mass compressing 
bladder. B: Computed tomography confirms large hematoma with partial liquefaction as the etiol- 
ogy of the bladder deviation in this patient who has recently undergone surgery for stress inconti- 


nence of urine. 


prostate” include periurethral inflammation, urethral tu- 
mor, benign and malignant tumors of the anterior vaginal 
wall, degenerative or malignant changes of the pubic sym- 
physis, and postoperative change after repair of urinary 
stress incontinence. 

Circumferential compression of the bladder results in a 
configuration commonly known as a “vertical,” “teardrop,” 
or “pear-shaped” bladder. Several processes can involve the 
entire pelvis and can surround the bladder including the 
normal variant of a narrow pelvis with prominent iliopsoas 
muscles such as can be found in young male patients. 
Diffuse pelvic hematoma, another cause of teardrop blad- 
der, is almost always seen in the setting of recent surgery or 
trauma (Fig. 17.38), although spontaneous bleeding can oc- 


cur in patients with bleeding diatheses or on anticoagulation 
therapy. Other pelvic fluid collections, such as urinoma or 
rarely, abscesses, can surround and compress the bladder. 
Another condition resulting in bladder compression is 
pelvic lipomatosis. This results from a proliferation of ma- 
ture, unencapsulated fat within the pelvis, typically in mid- 
dle-aged black men. No etiology for this condition has been 
identified. Radiographically, plain films may show a lucency 
in the pelvis corresponding to the increased fat. Excretory 
urography shows the teardrop shape of the bladder, which 
may be extreme and elevated well above the pubic symph- 
ysis (Fig. 17.39A). The distal ureters are medially deviated, 
but the midureters may be laterally displaced due to the el- 
evation of the lower urinary tract. Additionally, the ureters 


FIGURE 17.37. "Female prostate.” A: Bladder phase of an excretory urogram in a middle-aged 
woman reveals an indentation on the base similar to that seen with an enlarged prostate in a 
man. B: Postvoid film shows filling of a urethral diverticulum, the etiology of the bladder base in- 
dentation.(From Amis ES Jr, Newhouse JH. Essentials of uroradiology. Boston: Little, Brown and 


Company, 1991:289, with permission.) 


FIGURE 17.38. Pelvic fracture. Hematomas from pelvic fracture 
compress the bladder and create a teardrop configuration of the 
bladder. 


may be obstructed in severe cases. On barium enema, the 
rectosigmoid colon is straightened and narrowed (Fig. 
17.40). 

On ultrasound, pelvic lipomatosis is seen as a com- 
pressed echo-free bladder floating in a sea of echogenic 
fat. The diagnosis can be easily confirmed with CT or 
MRI. On CT, the fat shows low attenuation values (Fig. 
17.39B), and on MRI the fat has high-signal-intensity 
on Tl-weighted images and intermediate high signal on 
T2-weighted images. A rare condition, lipoplastic lym- 
phadenopathy, in which the pelvic nodes are filled with 
massive amounts of fat, may be difficult to differentiate 
from pelvic lipomatosis. 
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Bilateral pelvic lymphadenopathy due to metastatic dis- 
ease also may result in a teardrop or vertical configuration of 
the bladder (Fig. 17.41). This is usually found in patients 
with lymphoma. Other tumors that drain to the pelvic 
lymph nodes, such as prostate cancers, do not typically pro- 
duce bulky metastases. Other causes of teardrop bladder in- 
clude development of massive venous collaterals in the 
pelvis in patients with inferior vena cava obstruction, 
retroperitoneal fibrosis occurring deep in the pelvis, and 
lymphoceles that form after pelvic lymph node dissection. 
Rarely, an extensive pancreatic pseudocyst may extend into 
the pelvis and compress the bladder. Diagnosis of these con- 
ditions also usually can be made using CT or MRI. 


TEARDROP (VERTICAL) BLADDER 


m Hematoma 

m Lymphadenopathy 

m Pelvic lipomatosis 

m Inferior vena cava obstruction with collateral 
veins 


BLADDER TUMORS 


Benign Tumors 


Benign bladder tumors are rare, accounting for approxi- 
mately 1% of bladder neoplasms. The definitive diagnosis is 
cystoscopic and pathologic rather than radiologic. Most be- 


FIGURE 17.39. Pelvic lipomatosis. A: On an excretory urogram, the bladder is vertically oriented 
and the base is elevated. Both ureters are deviated medially. B: Computed tomography demon- 
strates excess pelvic fat and the absence of soft tissue masses to explain the bladder deformity. 
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FIGURE 17.40. Pelvic lipomatosis. A barium enema demon- 
strates elevation of the rectosigmoid colon from the pelvis. 


nign bladder tumors are mesenchymal in origin, and in- 
clude leiomyomas, neurofibromas, hemangiomas, and 
pheochromocytomas. 


Leiomyoma 


Leiomyoma of the bladder is the most common benign 
bladder tumor and is found in women from 30 to 50 years 
of age. This lesion usually arises at the trigone, but may be 
found on the lateral or posterior walls. The dome and ante- 
rior bladder wall are infrequent sites. More than 60% of tu- 
mors project intravesically, 30% project extravesically, and 
the remainder have both intra- and extravesical compo- 
nents. Patients with intravesical leiomyoma commonly pre- 
sent with hematuria and irritative symptoms. Outlet ob- 
struction due to trigonal leiomyoma at the bladder neck has 
been reported. Extravesical leiomyomas are usually asymp- 
tomatic until they reach a large size, and patients present 
with a palpable mass. 


FIGURE 17.42. Leiomyoma. A smooth mural mass (arrows) is 
seen projecting from the trigone into the bladder lumen. 


Radiographically, an intravesical leiomyoma is seen as a 
smooth mural mass protruding into the bladder lumen (Fig. 
17.42). If there is a large extravesical component, the blad- 
der will be compressed or displaced. Extravesical leiomyoma 
is seen as an extrinsic mass, and it may be difficult to discern 
that it originates in the bladder wall or to distinguish it from 
a uterine leiomyoma (Fig. 17.43). Ultrasound, CT, and 
MRI have all proven useful in evaluating such tumors. 


Pheochromocytoma 


The bladder is a rare location for an ectopic pheochromocy- 
toma. These tumors arise from chromaffin cells of the sym- 
pathetic plexus in or near the bladder wall. Most are found 
near the trigone. During cystoscopy, pheochromocytomas 
are seen as a small bulge in the bladder wall covered by tran- 
sitional epithelium. A slight female predilection is reported. 


FIGURE 17.41. Lymphoma. Bilateral external iliac lymph node 
enlargement compresses the bladder resulting in a vertical ori- 
entation. 


FIGURE 17.43. Leiomyoma. A soft tissue mass (L) arises from the 
lateral wall and projects outside the bladder lumen. The uterus 
(U) is seen posteriorly. 


Most patients with ectopic pheochromocytoma of the 
bladder are hypertensive and many have characteristic at- 
tacks of palpitations, sweating, headache, and blurred vision 
on micturition. The diagnosis should be suspected by this 
classic history and can be confirmed by measuring serum 
catecholamine levels. 

An intramural mass may be detected on excretory urog- 
raphy or ultrasound (Fig. 17.44). On CT examination, a 
soft tissue mass is seen in the wall of the bladder. Because 
these tumors have a high-signal-intensity on T2-weighted 
images, they are readily identified on MRI as well. 


Bladder Papilloma 


Bladder papilloma is epithelial in origin and is thought by 
many to be stage 0 bladder cancer. However, a few patients 
have had papillary lesions lined by transitional cells that are 
normal on cytology examination without the presence of 
mitoses. The lesions are benign at the time of local resection, 
but have a recurrence rate approximating 50%, and 10% of 
patients develop transitional cell carcinoma. Fifty percent of 
women and 30% of men with bladder papilloma will de- 
velop malignancy in a nonurologic site. 


Malignant Tumors 


Malignant neoplasms involving the bladder are classified as 
primary or secondary. Primary tumors develop in the mus- 
cle wall or urothelium. Tumors of the urothelium are by far 
the more common bladder malignancies, comprising ap- 
proximately 95% of all such lesions. Of the urothelial tu- 
mors, 90% to 95% are transitional cell carcinomas, 4% to 
8% are squamous cell carcinomas, and 1% to 2% are ade- 


FIGURE 17.44. Pheochromocytoma of bladder. Doppler ultra- 
sound shows a vascular mass in the trigone. 
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nocarcinomas. Bladder cancer is responsible for 4.5% of all 
new malignant tumors and 1.9% of cancer deaths in the 
United States. 


Transitional Cell Carcinoma 


There is a well-known association of transitional cell carci- 
noma (TCC) with chemical carcinogens. These carcino- 
gens include the aromatic amines, nitrosamines, and par- 
ticular aldehydes such as acrolein that are in common use 
in the textile, rubber, dye, and chemical industries. The la- 
tent period between occupational exposure and the devel- 
opment of clinical cancer is quite long, varying from 15 to 
40 years. 

Other causes of TCC include smoking and treatment 
with cyclophosphamide, a chemotherapeutic agent that re- 
sults in the excretion of acrolein in the urine. A significant 
proportion of bladder tumors are found in cigarette smok- 
ers, probably because of aromatic amines, nitrosamines, and 
acrolein present in cigarette smoke. 

Recent studies indicate that genetic factors in the host are 
responsible for regulating the response of the urothelium to 
carcinogens, probably by enzymatic degradation of the car- 
cinogens as well as less understood changes in the urothe- 
lium itself. 

Patients with TCC usually present with hematuria, al- 
though irritative symptoms from a secondary infection may 
be the initial complaint. When the tumor has obstructed 
one or both ureteral orifices, there may be aching loin pain, 
although the upper urinary tract obstruction is usually clin- 
ically silent because of its insidious onset. 

While TCC can occur anywhere in the urinary tract 
where urothelium is present, it occurs most commonly in 
the bladder. This is because of the large surface area of the 
bladder and the fact that the bladder acts as a reservoir of 
urine. Therefore, any urine carcinogens are in contact with 
bladder urothelium longer than elsewhere in the urinary 
tract. In the bladder, TCC is most commonly found on the 
lateral walls (up to 50% of patients), followed in decreasing 
frequency by the trigone and bladder dome. 

TCC spreads by invading through the bladder wall into 
the perivesical lymphatics and capillaries. Involvement of 
pelvic lymph nodes is common, and hematogenous spread 
is most frequent to liver and lungs, although lytic bone 
metastases also can be found in a small percentage of cases. 
Direct extension into the prostatic urethra and seminal vesi- 
cles in men and into the vagina in women can occur. 

Staging of bladder carcinoma is an attempted assessment 
of the extent of tumor spread, in particular the degree of 
bladder wall penetration. Approximately 70% of all newly 
diagnosed TCC is superficial, 25% is already muscle inva- 
sive, and the remaining 5% has metastasized. Both the 
Jewett-Strong-Marshall (ABCD) and the tumor, nodes, 
metastases (TNM) staging classifications are based on the 
involvement by tumor of the various layers of the bladder 
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FIGURE 17.45. Staging of transitional cell carcinoma of the 
bladder. Both Jewett-Strong-Marshall (ABCD) and tumor, nodes, 
metastases (TNM) systems are shown. Layers of the bladder wall 
are as follows: 1, mucosa; 2, submucosa; 3, superficial muscle; 4, 
deep muscle; 5, perivesical fat; and 6, denoting adjacent organs 
or distant metastases. (From Amis ES Jr, Newhouse JH. Essentials 
of uroradiology. Boston: Little, Brown and Company, 1991:300). 


wall, the perivesical fat, and more distant organs. Staging is 
diagrammatically illustrated in Fig. 17.45. 

The major difficulties in staging TCC are assessment of 
the degree of invasion of the muscle layers of the bladder 
wall, and whether or not microscopic spread of tumor into 
the perivesical fat has occurred. The TNM classification has 
been applied to bladder cancer, but many investigators be- 
lieve that it is overcomplicated and does not clarify the dif- 
ficulty in the staging of bladder cancer invading muscle. 

Cellular grading of bladder cancer is a histologic assess- 
ment of malignant change. A recent emphasis on simplifi- 
cation of tumor grading seeks to classify tumors into three 
grades: well-differentiated (grade 1), moderately differen- 
tiated (grade 2), and poorly differentiated (grade 3). 
Grading of bladder carcinoma usually correlates well with 
staging: 80% of grade 3 lesions are invasive into muscle 


compared with only 50% of grade 2 lesions, and only 10% 
of grade 1. 

Both staging and grading should be considered in the 
management of bladder carcinoma. Grades 1 and 2 and 
stages 0, A, or B, are usually managed by local resection. 
Higher grades and stages may require partial or total cystec- 
tomy. Carcinoma in situ, although fitting into the staging 
classification as stage 0, commonly has histologic evidence 
of a higher grade. Approximately 12% of patients with car- 
cinoma in situ develop invasive carcinoma. 

In imaging TCC, the plain film is usually normal, as 
stippled or floccular dystrophic calcifications occur in less 
than 1% of cases. Tumor calcification is better appreciated 
on CT (Fig. 17.46). 

Excretory urography should be performed in all cases of 
suspected or proven bladder cancer to exclude urothelial 
lesions in the collecting system and ureters because multi- 
centricity, although uncommon, is well documented in 
TCC, In slightly more than 2% of patients with bladder 
TCC, metachronous lesions of the upper urinary tract can 
be detected, usually after an average delay of 70 months; 
conversely, approximately 20% of patients with TCC of 
the upper urinary tract have a history of antecedent blad- 
der tumor. 

The bladder tumor may obstruct the ureteral orifice (Fig. 
17.47). This is a poor prognostic sign, because such tumors 
have usually invaded the muscle around the involved 
ureteral orifice. Bladder cancers more than 1.5 cm in size 
can typically be seen on the bladder phase of an excretory 
urogram. Occasionally cancer is found within a bladder di- 
verticulum; oblique views may be necessary for better visu- 
alization. 

Oblique views may be helpful to distinguish overlying 
bowel from an intraluminal bladder filling defect. Excretory 
urography is an insensitive modality for diagnosis of TCC, 
and cystoscopy remains the gold standard for evaluating the 
bladder of patients with hematuria. Cystography does not 


FIGURE 17.46. Calcified bladder tumor. A: Bladder phase of excretory urogram reveals a large ir- 
regular mass arising from right bladder wall. B: Computed tomography confirms the mass and 


shows faint calcification (arrows) on its surface. 
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FIGURE 17.47. Transitional cell carcinoma. A: 


A tumor in the posterolateral aspect of the blad- 


der is seen on this pelvic computed tomogram. B: Images at the level of the kidneys confirm right 


ureteral obstruction with hydronephrosis. 


add significantly to the information obtained from urogra- 
phy, and it is rarely requested. 

Suprapubic ultrasound has been reported of some use in 
visualizing bladder cancer. The filled bladder and bladder 
wall are well visualized in the normal patient. Exophytic 
TCC is seen as a soft tissue mass projecting into the lumen 
from the bladder wall (Fig. 17.48). Stage 0 or stage A blad- 
der cancers do not alter the normal echogenicity of the blad- 
der muscle, whereas tumor invasion of bladder muscle may 
disrupt the normal echo pattern of the bladder wall. 

The main advantage of CT over ultrasound is better def- 
inition of pelvic structures for staging. In addition, CT of 
the abdomen can delineate paraaortic lymph node enlarge- 
ment (Fig. 17.49A) and can be used for guided biopsy of 
these nodes. Paraaortic lymph node enlargement due to can- 
cer of the bladder places the cancer in an advanced stage D, 


FIGURE 17.48. Transitional cell carcinoma. A tumor nodule (ar- 
row) is seen in the bladder on this ultrasound examination. 


which alters management. As with transabdominal ultra- 
sound, an exophytic TCC or wall thickening is usually read- 
ily visualized (Fig. 17.49B). 

Tumor invading through the wall into perivesical fat and 
surrounding structures (Fig. 17.50) is better assessed by CT 
than by ultrasound. Anatomic detail of tumor involving 
pelvic muscles, vessels, and adjacent viscera is better seen 
with CT. When enlarged lymph nodes are identified, con- 
firmation of the metastatic disease can be obtained with CT- 
guided, thin-needle biopsy. Dynamic scanning can identify 
tumor capillary enhancement, which may help detect tu- 
mors invading the bladder musculature or extending into 
perivesical fat. 

CT also has proven helpful in following patients after 
treatment of TCC with radical cystectomy. Approximately 
one-third of recurrences are at the cystectomy site, and two- 
thirds are in the pelvic lymph nodes. CT in such patients 
should not only include the upper abdomen to evaluate the 
liver for metastases, but also should extend to the deep per- 
ineum because this is a common area for recurrence. 

MRI is a promising modality for staging bladder cancer. 
T1-weighted images provide excellent anatomic detail. The 
fact that malignant tumors contain more water than normal 
tissue allows excellent tumor visualization on T2-weighted 
images (Fig. 17.51). Views can be obtained in the trans- 
verse, sagittal, and coronal planes, which may aid in the 
staging of bladder cancer. Muscle wall invasion may be 
clearly seen with MRI, possibly solving the problem of ac- 
curate differentiation of stage B; and stage B2 tumors. The 
bladder should be filled with urine for this examination. On 
T2-weighted images, normal low-signal-intensity of the 
bladder wall is increased in an area of tumor invasion, 
whereas transmural invasion presents as an area of lower in- 
tensity in the perivesical fat. Recent studies have shown that 
gadolinium-enhanced dynamic MRI studies improve the as- 
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FIGURE 17.49. A: The right kidney has been removed for transitional cell carcinoma one year 
previously. Enlarged right paraaortic nodes are present (arrowhead). B: Same patient. The filling 
defect in the bladder is a second transitional cell carcinoma that has invaded through the bladder 


wall. 


sessment of extent of bladder wall invasion by TCC. In fact, 
one study comparing this technique with CT found an over- 
all staging accuracy of 85% for enhanced MRI as opposed 
to 55% for CT. However, because MRI is expensive and 
still not universally available, and because many urologists 
rely on biopsy specimens to assess microscopic muscle inva- 
sion, CT remains the most widely used method for staging 
bladder tumors. 


Carcinosarcoma 


Carcinosarcoma of the bladder is a rare neoplasm consisting 
of an admixture of carcinomatous and sarcomatous ele- 
ments. There is a male preponderance and the mean age at 
presentation is 66 years. Presenting symptoms of hematuria, 


FIGURE 17.50. Transitional cell carcinoma. The bladder wall is 
irregularly thickened and a mass is present at the ureterovesical 
junction (arrow) with invasion into the ureter. There also is early 
invasion of perivesical fat. 


dysuria, and urinary frequency are similar to those of other 
tumors. 

Carcinosarcomas are usually very large and may have cal- 
cification. They are high-grade malignancies and the prog- 
nosis is poor. 


Squamous Cell Carcinoma 


Most patients with squamous cell carcinoma have a history 
of chronic or recurrent bladder infections, bladder calculi, 
or both. The incidence of squamous cell tumors is higher in 
bladder diverticula than in the bladder lumen, probably be- 
cause of stasis and infection. Patients with schistosomiasis 
are at increased risk for squamous cell tumors. 

Squamous cell carcinomas are multifocal in 25% of pa- 


FIGURE 17.51. Magnetic resonance imaging examination show- 
ing a left bladder wall mass (arrow) extending to the posterior 
bladder wall on a T2-weighted image. 


tients and tend to be poorly differentiated and invasive. The 
5-year survival rate for these patients is a dismal 10%. 
Radiographically, squamous cell carcinoma cannot be 
differentiated from other urothelial tumors (Fig. 17.52). As 
with TCC, staging is currently best accomplished with CT. 


Adenocarcinoma 


While bladder adenocarcinoma can be an isolated finding, 
this tumor is typically associated with metaplastic change in 
extrophic bladders, as a malignant transformation in pa- 
tients with cystitis glandularis, and with urachal remnants in 
the region of the bladder dome. 


Urachal Carcinoma 


In adults, the urachus is a musculofibrous band 5 to 6 cm 
long extending from the umbilicus to the anterosuperior 
surface of the bladder. It lies in the extraperitoneal space of 
Retzius, between the transversalis fascia anteriorly and the 
peritoneum posteriorly. The urachus represents a vestigial 
remnant of the obliterated umbilical arteries and the allan- 
tois. It retains a minute lumen lined by transitional epithe- 
lium in 70% of adults. The bladder attachment of the 
urachus consists of supravesical, intramuscular, and intra- 
mucosal segments. 

Numerous anomalies of urachal closure may occur. 
Patent urachus is failure of closure along the entire length of 
the urachus, resulting in urine draining from the umbilicus. 
Urachal cysts occur anywhere along the urachus and are 
caused by cystic dilation of an isolated section of urachal lu- 
men. Urachal sinus is a blind-ending dilation of a remaining 
segment of urachal lumen at the umbilical end. Urachal di- 
verticulum is dilation of an isolated urachal lumen adjacent 
to the bladder, resulting in a diverticulum of the anterosu- 
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perior aspect of the bladder. Patent urachus is rare and pre- 
sents in infancy. Urachal cysts and sinuses usually present in 
adults and are not clinically recognized unless infection oc- 
curs in the cyst or sinus. Urachal diverticulum more com- 
monly presents in adults and the diagnosis should be made 
when a single diverticulum is seen in the midline bladder 
dome. 

The transitional epithelium lining the urachus may un- 
dergo metaplasia to glandular epithelium that can produce 
mucin. Consequently, malignant change in urachal epithe- 
lium includes mucin-producing adenocarcinomas (approxi- 
mately 70%), nonmucin-producing adenocarcinomas 
(15%), transitional cell carcinomas, squamous cell carcino- 
mas, or sarcomas. Squamous cell carcinomas are occasion- 
ally associated with urachal cysts and calculi in urachal di- 
verticula. Approximately 70% of urachal sarcomas occur in 
patients younger than 20 years of age. Urachal carcinomas 
may occur at any age, but most occur in patients between 40 
and 70 years of age. Sixty-five percent of urachal carcinomas 
occur in male patients, and 90% are juxtavesical. 

Patients with urachal carcinoma usually present with 
hematuria. Mucus is found in the urine in 25% of patients 
and is an almost pathognomonic finding. Abdominal pain, 
a lower abdominal palpable mass, and dysuria also are pre- 
senting symptoms. Umbilical discharge is rare. Urachal car- 
cinoma may invade the bladder and is visible cystoscopically 
in the bladder dome in the large majority of cases. 

Calcification is common, but may be difficult to detect 
on the plain-film radiograph. The calcification may be stip- 
pled, granular, or curvilinear. Urography typically shows an 
irregular mass in the region of the bladder dome. 
Ultrasound may show a supravesical complex mass. 

CT offers the most hope for a definite preoperative diag- 
nosis, since this modality is capable of demonstrating the ex- 
travesical location and extent of the tumor. Calcification de- 


FIGURE 17.52. Squamous cell carcinoma. A: Bladder phase of an excretory urogram shows focal 
thickening of left inferior bladder wail (arrow). B: Computed tomography confirms the lesion and 
shows extension into the perivesical tissues. There is another focus of tumor on the right anteri- 


orly. 
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FIGURE 17.53. Urachal carcinoma. A calcified mass is seen in- 
vading the anterior abdominal wall. (Courtesy of E. Fitzgerald, 
MD.) 


tected by CT has been reported in 70% of patients. CT 
demonstration of a calcified mass above or anterior to the 
bladder is highly suggestive of urachal carcinoma (Fig. 
17.53). The mass may invade the bladder, extend anterosu- 
periorly to the umbilicus, or both. 

The prognosis of patients with urachal carcinoma is 
poor, as the 5-year survival rate is less than 15%. The poor 
prognosis is likely the result of late presentation of symp- 
toms after the tumor is well established, an early tendency 
for local infiltration, and the early development of lung and 
bone metastases. 

The differential diagnosis includes a urothelial malig- 
nancy of the bladder (14% occur in the bladder dome) and 
a metastasis to the bladder from adenocarcinoma of the rec- 
tum, stomach, ovary, uterus, cervix, and prostate. 


Malignant Mesenchymal Tumors of 
Bladder Muscle 


These are rare tumors, the most common being leiomyosar- 
coma and rhabdomyosarcoma. Leiomyosarcomas have a 
tendency to grow quite large and ulcerate. If they are undif- 
ferentiated, they become less smooth, and may be difficult 
to distinguish from rhabdomyosarcomas. 

Rhabdomyosarcomas have a biphasic age distribution. In 
adults, rhabdomyosarcomas and leiomyosarcomas tend to 
occur in the older age groups. The embryonal variety occurs 
during the first few years of life, and is quite similar to the 
rhabdomyosarcoma that arises from the prostate in boys and 
the vagina in girls. In fact, it often is very difficult to detect 
the organ of origin in rhabdomyosarcomas. The tumors fre- 
quently have a lobulated appearance resembling a cluster of 
grapes, resulting in the term “sarcoma botryoides.” Patients 
with these highly malignant tumors have poor survival rates, 
even after radical extirpative surgery. 

Radiographically, mesenchymal malignancies of the 
bladder typically present as irregular, ulcerating mural 
masses, unlike the smooth masses that typify benign lesions. 
Extension through the bladder wall into adjacent pelvic or- 
gans may make it difficult to determine the organ of origin. 
At any rate, biopsy is virtually always indicated to establish 
the diagnosis and to determine appropriate therapy. As 
noted above, a botryoid appearance of a bladder tumor is 
characteristic of rhabdomyosarcoma (Fig. 17.54); these tu- 
mors may grow so large that they almost fill the bladder. 


Lymphoma 


Lymphoma involving the bladder is rare. However, this tu- 
mor can primarily occur in the bladder as a mural-based 
nodular mass, usually in the region of the bladder base (Fig. 


FIGURE 17.54. Sarcoma botryoides (rhabdomyosarcoma). A: Urogram shows large nodular mass 
arising from the region of the bladder base and almost filling the bladder. B: Computed tomog- 
raphy confirms the grape-like configuration of the mass, which was found to arise from the 


prostate. 


FIGURE 17.55. Lymphoma. Multiple soft tissue masses are seen 
in the bladder wall. Note the left iliac adenopathy. 


FIGURE 17.56. Cervical carcinoma invading the bladder. 
Bladder phase of an excretory urogram shows gross mucosal 
nodularity. Note soft tissue tumor mass above bladder. 


FIGURE 17.57. Transabdominal ultrasound showing a soft tissue 
mass projecting into the left side of the bladder (arrow). Proven 
carcinoma of sigmoid colon. 
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FIGURE 17.58. Transabdominal ultrasound scan showing nodu- 
lar lesions (arrows) in a thickened bladder wall due to invasion of 
the bladder wall by ovarian cystadenocarcinoma. 


17.55). It cannot be grossly or radiographically distin- 
guished from other metaplastic or malignant lesions of the 


bladder. 


Secondary Bladder Tumors 


Metastases to the bladder constitute approximately 1% of all 
malignant vesical lesions. Furthermore, the bladder is in- 
volved only in 3% to 4% of patients with terminal carcino- 
matosis. The most common secondary tumor found in the 
bladder is malignant melanoma, usually presenting as mul- 
tiple foci. Other tumors that commonly metastasize to the 
bladder through a hematogenous route include carcinomas 
of the stomach, colon, pancreas, ovary, breast, kidney, and 
lung. It is more common, however, for the bladder to be di- 
rectly invaded by tumors in adjacent pelvic organs, such as 
prostate, sigmoid, and cervical cancers. 

Radiographically, these tumors are seen as one or more 
mural masses projecting into the bladder lumen (Figs. 
17.56-17.58). With the history of a primary tumor else- 
where, the diagnosis of secondary spread should be sus- 
pected when such a pattern is seen, but the possibility of a 
metaplastic process or primary urothelial tumor should not 
be discarded without biopsy if the patient’s condition war- 
rants. 


BLADDER CALCULI 


There are multiple causes of bladder calculi, the most com- 
mon being bladder outlet obstruction. Other etiologies in- 
clude infections with urea-splitting organisms (triple 
phosphate stones), cystinuria (cystine stones), and hyper- 
uricosuria (uric acid stones). In some cases, there may 
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be more than one cause, such as bladder infection associated 
with outlet obstruction. Bladder stones are more common 
in men than in women. 

In adult patients, outlet obstruction accounts for 70% of 
bladder stones. Outlet obstruction is most commonly the 
result of prostatic hypertrophy, but also may be seen with 
urethral stricture, bladder neck contracture, or neurogenic 
bladder dysfunction. The large majority of bladder stones 
due to obstruction are calcium oxalate, calcium phosphate, 
or a mixture of both. The remainder include triple phos- 
phate “infection stones,” uric acid stones, and cystine 
stones, which also may occur in the absence of bladder out- 
let obstruction. 

An indwelling bladder catheter, although fulfilling its 
function of bladder drainage, will lead to bladder infection 
and may result in stone formation if left in position long 
enough. Catheter-associated stones are most frequently 
found in neurogenic bladders. Fortunately, modern treat- 
ment of such patients includes intermittent catheterization, 
bladder training, or continent urinary diversions, all of 
which preclude the need for long-term indwelling catheters. 
However, intermittent clean catheterization may introduce 
pubic hairs into the bladder that act as nidi for calcareous 
deposits resulting in stone formation. 

Other unusual causes of bladder calculi are sutures in the 
bladder wall, which can act as a foreign body on which a 
stone may form, and foreign bodies (usually self-introduced 
via urethra as a form of sexual stimulation), which form a 
nidus for stone formation. 

Most renal stones that migrate down the ureter into the 
bladder are quickly passed via the urethra. Consequently, 


calculi only remain in the bladder when there is some degree 
of outlet obstruction; over a period of years, such stones may 
grow quite large. 

Endemic calculi occur in infants and young children. 
Documentation of idiopathic stone disease first occurred in 
England in the nineteenth century. Such stone formation is 
usually caused by dietary factors, possibly replacement by 
carbohydrate food in the first few weeks of life. Although id- 
iopathic stone disease has been eradicated in the Western 
world, it still occurs in underdeveloped countries. 

A significant number of bladder stones are asymptomatic 
and are only discovered incidentally. Symptomatic patients 
present with bladder pain, which may be a dull ache supra- 
pubically. Referred pain to the penis, buttock, perineum, or 
scrotum also may occur. Microhematuria in bladder stone 
disease may occur as a result of chronic irritation of bladder 
mucosa, but gross hematuria is rare. 

Bladder stones may be visualized with plain radiography, 
excretory urography, ultrasound, and CT. Bladder stones 
vary from very dense to radiolucent (Fig. 17.59). An exact- 
ing radiographic technique is essential for stone visualiza- 
tion. A low kilovoltage of 60 to 70 kV to increase image con- 
trast is generally best for plain-film studies. Bladder stones 
vary in size from a few millimeters in diameter to large 
stones that fill the bladder (Fig. 17.60). Well-calcified 
stones over a few millimeters in diameter are usually appar- 
ent on the plain film. They may be obscured by overlying fe- 
cal material in the rectosigmoid colon, or they may overlie 
the sacrum and coccyx, where they are difficult to identify. 
Consequently, any suspected calcification seen on the plain 
film should be pursued before the injection of contrast 


FIGURE 17.59. A: Plain-film radiograph of the pelvis. No radiopaque calculus is visualized. B: 
Excretory urogram on the same patient showing the contrast-filled bladder with an oval filling de- 
fect (arrowheads) in the right side of the bladder that proved to be a uric acid stone. 


es 
FIGURE 17.60. A huge bladder stone is evident on this plain-film 
radiograph. 


medium. Oblique views of the pelvis often are helpful in 
separating a calcified stone from the sacrum and coccyx, and 
colonic or rectal fecal material. Bladder stones should lie in 
the midline with the patient supine. Bladder stones identi- 
fied on the plain film not lying in the midline may lie within 
a bladder diverticulum or may be displaced to one side by a 
large prostatic adenoma. Rarely, a large carcinoma resulting 
from long-standing chronic irritation may displace a stone 
(Fig. 17.61). 

Bladder calculi may assume a variety of configurations. A 
laminated appearance is not unusual in bladder stones; these 
can grow to quite large sizes and can be single or multiple. 
Stones with multiple spicules are termed “jackstones” (Fig. 
17.62), and those with a bumpy margin are known as “mul- 
berry stones” (Fig. 17.63). Stones associated with bladder 
outlet obstruction may be numerous, and they are usually 
small and round (Fig. 17.64). Multiple stones also may have 
a faceted configuration. 
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Pure uric acid stones are radiolucent and are not seen on 
plain-film studies. Occasionally bladder calculi composed of 
struvite are faintly calcified, producing a shadow of low den- 
sity. Even after careful scrutiny and oblique views, it may be 
impossible to be certain that a bladder stone is present. 
Cystine stones contain sulfur rather than calcium and are 
generally smoothly round or oval. If greater than 1 cm in di- 
ameter, they should be visible on the plain film (Fig. 17.65). 

Calcified bladder calculi easily seen on the plain film may 
be completely obscured by contrast medium in the bladder 
during urography. Consequently, calcifications in the pelvis 
raising the suspicion of bladder stones on the plain film may 
require oblique views of the contrast-filled bladder to prove 
they are intravesical and do not lie outside the filled bladder. 
Many calcified bladder stones are less dense than contrast 
medium and, therefore, cast a negative shadow within the 
bladder on the contrast-filled films (Fig. 17.66). However, 
oblique films may be necessary to distinguish bowel gas 
overlying the bladder from an intraluminal filling defect. 
Radiolucent stones cast negative shadows within the con- 
trast-filled bladder. The bladder phase of all urograms 
should be carefully scrutinized for stones because small cal- 
culi may be easily missed. 

Ultrasound demonstrates bladder stones as echogenic 
foci with acoustic shadowing (Figs. 17.67 and 17.68). 
Radiolucent or poorly calcified stones on radiography are 
well seen on ultrasound and are not significantly different 
from well-calcified stones. Mobility of a shadow-producing 
lesion within the bladder distinguishes stone from calcified 
bladder tumor. 

CT shows all bladder calculi, whatever their composi- 
tion, as highly attenuated. Tumors with calcification are eas- 
ily distinguished from stones (Fig. 17.69). 

Small bladder stones seen at cystoscopy can be easily 
grasped by forceps and removed through the cystoscope. 


FIGURE 17.61. A: Plain-film radiograph of the pelvis showing multiple multifaceted stones lying 
to the right of midline. B: Same patient. Excretory urogram showing large filling defect in the left 
side of the bladder due to transitional cell carcinoma causing mild left ureteric dilation. (From 
McCallum RW, Colapinto V. Urological radiology of the adult male lower urinary tract. 
Springfield, IL: Charles C Thomas, 1976:264-265, with permission.) 
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FIGURE 17.62. Bladder jackstone. This terminology is due to 
the multiple spiculations. (From Amis ES Jr, Newhouse JH. 
Essentials of uroradiology. Boston: Little, Brown and Company, 
1991:226, with permission.) 


Larger stones must be crushed (litholapaxy) using a 
lithotrite or must be disintegrated to small fragments using 
electrohydraulic lithotripsy. Fragments are washed out 
through the urethra by continuous irrigation throughout 
the procedure. Very large stones are usually removed surgi- 
cally. Pure uric acid stones too large for simple cystoscopic 
removal may be dissolved by systemic urinary alkalinization. 


URINARY DIVERSION 


There are several methods for diverting urine from the kid- 
neys to the skin above the level of a defunctionalized or sur- 


gically absent bladder (Fig. 17.70). 


FIGURE 17.63. Mulberry bladder stone. (From Amis ES Jr, 
Newhouse JH. Essentials of uroradiology. Boston: Little, Brown 
and Company, 1991:226, with permission.) 


FIGURE 17.64. Multiple faceted stones in man with enlarged 
prostate. Note that the stones are displaced by the enlarged 
prostate elevating the bladder base. 


Temporary Diversions 


A simple diversion is the end-cutaneous ureterostomy, in 
which the ureter or ureters are transected and the proximal 
ends brought to the skin. This procedure is rarely used be- 
cause ureters that are not significantly dilated tend to 
stenose at their anastomosis with the skin. A variation is the 
loop-cutaneous ureterostomy in which the exteriorized 
ureter drains into a collecting device. Yet another relatively 
simple way of diverting urine is to create a vesicostomy, in 
which an opening is created between the anterior bladder 
and the skin. These methods are temporizing measures for 
patients whose bladder function can be expected to im- 
prove. 


lleal Conduit 


A permanent form of supravesical urinary diversion was de- 
scribed by Bricker in 1950. The ileal conduit, initially used 
for women undergoing pelvic exenteration, involves isolat- 


FIGURE 17.65. Cystine bladder stone. The oval stone (arrows) is 
only faintly seen on this plain film of the pelvis. 
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FIGURE 17.66. A: Plain-film radiograph of the pelvis in a diabetic male patient showing calcifi- 
cation in the vas deferens due to diabetes mellitus and an oval, faintly calcified stone on the left 
side of the bladder. B: Excretory urogram showing the stone as a filling defect (black arrowheads) 
surrounded by denser contrast medium. The stone is pushed to the left of the bladder by an en- 
larged prostate (large white arrowheads). The radiolucent area in the center of the bladder out- 
line is gas in the bowel emphasized by Simpson's white line (small white arrowheads). The am- 


pulla (A) of the vas deferens is again seen. 


ing a 15-cm length of terminal ileum to act as a urinary con- 
duit. The mesentery of this bowel loop is left intact to en- 
sure its viability, the proximal end is closed, and the ureters 
are anastomosed end-to-side to the loop. The distal open 
end of the loop is tunneled through the abdominal wall in 
the right lower quadrant, and a nippled ostomy is formed, 
over which a collecting device can be placed. The ileal con- 
duit is not a reservoir system and drains continuously into 
the collecting device, which must be worn at all times. Ileal 


conduits are typically studied by loopography (see Chapter 
3), in which a medium Foley catheter is inserted through the 
ostium and the balloon is inflated in the conduit just below 
the internal fascia. Contrast medium is then dripped 
through the catheter under fluoroscopic control, allowing 
visualization of the conduit and free reflux into the upper 
urinary tracts (Fig. 17.71). Because it is a freely refluxing 


FIGURE 17.67. Transabdominal ultrasound in a patient with 
multiple bladder stones seen as bright echoes with acoustic shad- 
owing (arrows). 


FIGURE 17.68. Transabdominal ultrasound. A single large blad- 
der stone is present producing acoustic shadowing. 
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FIGURE 17.69. A: Computed tomography of the pelvis before contrast medium enters the blad- 
der. Two dense stones are well seen. In addition, there is a faintly seen mass centrally (arrows). B: 
The bladder contains contrast medium, which obscures the stones. The faintly seen mass is now 
obvious as a soft tissue mass arising from the posterior bladder wall. Proven transitional cell car- 


cinoma. 


system, it is common to see mild dilation of the upper tracts. 
If there is no reflux into one or both upper tracts when the 
loop is filled, this suggests a stricture at the ureteroileal anas- 
tomosis, necessitating an antegrade study such as excretory 
urography or antegrade pyelography to confirm and deter- 
mine the extent of obstruction (Fig. 17.72). Other compli- 
cations of ileal conduits include fibrosis of the loop with sig- 
nificant narrowing of the lumen. 


Continent Diversions 


Continent urinary diversions have gained wide acceptance 
as alternatives to the ileal conduit. There are three types of 
continent urinary diversions, classified on the basis of the 
continence mechanism used. The first and oldest method is 
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the diversion of urine into the intact large bowel, where the 
anal sphincter acts as a continence mechanism. Second, 
some patients whose bladders have been removed are suit- 
able candidates for orthotopic pouches. These pouches are 
anastomosed to the remaining urethra in men, and the ex- 
ternal sphincter becomes the continence mechanism. Third, 
for those patients in whom direct bladder replacement is in- 
appropriate, the continent pouch can be situated higher in 
the abdomen and a continent abdominal wall stoma can be 
created. 


Ureterosigmoidostomy 


Ureterosigmoidostomy is the classic example of an anal con- 
tinence mechanism. This procedure was first reported in 


FIGURE 17.70. Types of urinary diversion. A: 
Vesicostomy. An opening is created between the blad- 
der and the lower abdominal wall in the midline. B: End 
cutaneous ureterostomies. These are uncommonly used 
and are difficult to keep open unless the ureters are 
grossly dilated. C: Loop cutaneous ureterostomies. This 
temporary diversion involves creating an opening in the 
midportion of one or both ureters and bringing that 
portion of the ureter to the skin in the flank. D: Ileal con- 
duit. This is a permanent diversion that has been popu- 
lar since 1950. E: Ureterosigmoidostomy. This type of di- 
version is no longer commonly performed because of 
the increased incidence of bowel tumors. (From Amis ES 
Jr, Pfister RC, Hendren WH. Radiology of urinary undi- 
version. Urol Radio! 1981;3: 161, with permission.) 


FIGURE 17.71. Ileal loop. A loopogram opacifies the ileal loop, 
and contrast medium refluxes into both upper urinary tracts. 


1851 when it was used in a child with exstrophy. However, 
this procedure is seldom used because of the 5% incidence 
of bowel adenocarcinomas developing at the ureterosigmoi- 
dostomy sites over a mean period of 25 years. 
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Orthotopic Pouches 


Orthotopic bladder replacement is typically used in men 
who have had a radical cystoprostatectomy for invasive 
bladder cancer. In such patients, the external sphincter is in- 
tact and in many instances is adequate to provide satisfac- 
tory urinary continence. This procedure is not used in 
women because cystourethrectomy is the desired procedure 
for invasive bladder cancer. 

Procedures for orthotopic bladder replacement continue 
to evolve, and currently no consensus regarding an optimal 
procedure exists. These evolving procedures include the 
Camey pouch, the ileal neobladder, and the orthotopic 
Kock pouch. The Camey pouch is composed of an isolated 
U-shaped loop of distal ileum. An opening is created in the 
most dependent portion of this loop, and this opening is 
then anastomosed to the urethral stump above the urogeni- 
tal diaphragm. The ureters are implanted in a mucosal 
trough at each end of the loop in an effort to prevent reflux. 
However, reflux does occur in approximately 20% of these 
patients. 

The ileal neobladder and orthotopic Kock pouch are 
similar in their construction, both using long segments of 
terminal ileum that are detubularized and reconfigured to 
form a reservoir. Reflux is prevented by intussuscepting one 
end of the loop to create a nipple into which both ureters 
can be reimplanted. Large bowel pouches, which also can be 
used orthotopically or cutaneously, will be discussed in the 
next section. 


FIGURE 17.72. Ureteral obstruction. A: The absence of reflux on a loopogram implies ureteral 
obstruction. B: Bilateral antegrade pyelograms after percutaneous nephrostomy procedures con- 


firm bilateral ureteral obstruction. 
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Cutaneous Pouches 


The use of this type of continent pouch has been facilitated 
by the proven safety of clean intermittent catheterization. 
Self-catheterization with a clean, but not sterile, catheter ev- 
ery 3 to 6 hours is acceptable to patients if continence is 
maintained during the intervening time. No external col- 
lecting device is needed. These are called cutaneous pouches 
as opposed to the previously described orthotopic pouches. 

As with orthotopic pouches, cutaneous pouches are con- 
structed from ileum alone or a combination of terminal 
ileum and ascending colon. For either type of pouch to 
function properly, there must be a consistently high capac- 
ity with low internal pressure. Low pressure in these reser- 
voirs is obtained by detubularizing the bowel segment used. 
Detubularization implies interruption of normal bowel con- 
tinuity, thus preventing organized contractions that cause 
intermittent high pressures that can compromise continence 
or result in reflux. Detubularization is especially important 
in large bowel reservoirs, which are capable of developing 
very high pressures. The upper urinary tracts should be pro- 
tected from the effects of reflux or obstruction by special 
techniques developed for implanting the ureters into the 
pouch. 

The Kock pouch (Fig. 17.73) is constructed entirely 
from a long segment of terminal ileum. Both ends of this 
isolated ileal segment are intussuscepted; the ureters are at- 
tached to the proximal segment, the intussusception acting 
as an antirefluxing mechanism. The intussuscepted distal 
segment acts as a continent catheterizing port. Pouch capac- 
ity can reach 800 to 1000 mL, and reflux and incontinence 
have been rare. 

Large bowel pouches typically are constructed from the 
cecum and an attached length of terminal ileum. The conti- 
nent catheterizing stoma may be a plicated segment of ter- 
minal ileum (Indiana pouch) or an intussuscepted ileocecal 
valve (King pouch), or a naturally narrow conduit, such as 
segment of ureter or the appendix, may be attached between 
the skin and a closed cecal pouch (Mitrofanoff technique). 
The antireflux mechanism in large bowel conduits is created 
by tunneling of the distal ureters into the taenia of the ce- 
cum. Detubularization is typically accomplished by opening 
the cecum along its antimesenteric border and folding it 
into a pouch. Cecal pouches have been reported to hold 500 
mL or more of urine and to provide satisfactory continence 
in more than 90% of patients. Reflux has not been a prob- 
lem. 

Postoperative complications and evaluations are similar 
for both cutaneous and orthotopic pouches. Early problems 
include leakage of urine, formation of pelvic abscess, ob- 
struction at the point where bowel continuity has been 
reestablished after segments have been isolated, and 
pyelonephritis. Late complications include incontinence, 
stone formation (especially in those patients in whom sta- 
ples are used for construction of the pouch), difficulty in 
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FIGURE 17.73. Kock continent urinary diversion. A: A 70- to 80- 
cm segment of terminal ileum is partially opened on its antime- 
senteric border. B: The ends of this segment are intussuscepted. 
C: The pouch itself is constructed from the opened central seg- 
ment of ileum. D: The ureters are anastomosed to the proximal 
intussuscepted segment, which acts as an antireflux mechanism. 
If used orthotopically, the distal intussuscepted segment is anas- 
tomosed to the abdominal wall and becomes the catheterizing 
port. E: When used orthotopically, only the proximal end of the 
isolated ileosegment is intussuscepted. (From Ng C, Amis ES Jr. 
Radiology of continent urinary diversion. Radiol Clin North Am 
1991;29:557, with permission.) 


catheterizing the stoma, and, rarely, rupture of the pouch 
because of overdistention. 

The postoperative radiographic evaluation of continent 
diversions requires that the radiologist be familiar with the 
exact procedure performed, as well as the location of any 
tubes, stents, or drains. For the first few postoperative days, 
it is not unusual to find ureteral stents and a pouch catheter 
exiting the stoma of a cutaneous pouch. In an orthotopic 
pouch, the stents may exit the pouch anteriorly through a 
separate small incision in the lower abdominal wall. Bilateral 
stentograms confirm that the upper urinary tracts are not di- 
lated and that contrast medium passes down the ureters 
around the stents and through the anastomoses without 
leaking. If this study is satisfactory, the stents are usually re- 
moved. The pouch itself is studied by dripping contrast 
medium through the pouch catheter (Figs. 17.74 and 
17.75). A relatively small amount of contrast (250 mL), 
dripped rather than injected into the pouch, is recom- 
mended to prevent stressing the fresh suture lines. This 
should occur under fluoroscopic control, and oblique views 
can be obtained as necessary to visualize all sides of the 
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FIGURE 17.74. Kock pouch. A: No reflux or extravasation is seen after infusion of contrast ma- 
terial into a Malecot catheter positioned in the pouch. B: Injection of contrast into the ureteral 
stent catheters opacifies the upper urinary tracts and the afferent loop (arrow). 


FIGURE 17.75. Orthotopic continent diversion. Pouch study per- 
formed approximately 10 days postoperatively through an in- 
dwelling catheter. While there is some spasm in the midportion 
of the pouch, no extravasation is seen. The anastomosis with the 
urethral stump is seen inferiorly. 


pouch for contrast medium extravasation. The presence or 
absence of reflux should be documented. Follow-up studies 
after complete healing should document the capacity of the 
pouch, the postcatheterization residual urine, and whether 
or not reflux is present. 

Many of the initial techniques for constructing continent 
pouches used metallic staples. However, these can act as nidi 
for stone formation. More recent techniques have elimi- 
nated this potential complication. 


Bladder Augmentation 


Augmentation cystoplasty is a corollary of the continent 
orthotopic pouch in which various bowel segments are 
used to augment an existing small capacity bladder. A typi- 
cal example would be primary closure of an exstrophic 
bladder. As with continent pouches, large or small bowel 
segments or a combination of both have proven effective. 
Radiographically, the bladder in such cases will reflect the 
specific method and bowel segment used for its augmenta- 
tion. 


NEUROGENIC BLADDER 


The spectrum of neurogenic bladder disease is quite com- 
plex and often is poorly understood. Evaluation of this con- 
dition is typically conducted by urologists in a laboratory 
specially equipped to perform video urodynamics, a highly 
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sophisticated method for evaluating neurologic function of 
the bladder. However, the radiologist can play a major role 
in detecting previously unsuspected neurologic abnormali- 
ties and, thus, can facilitate the definitive diagnosis of neu- 
rogenic dysfunction at an early stage. When undiagnosed, 
the effects of neurogenic bladder on the upper urinary tract 
can be catastrophic, but when properly diagnosed and 
treated, renal function can almost always be preserved. This 
section discusses the basic concepts of neurogenic bladder 
disease. 


Anatomy and Physiology 


The bladder is the anatomic unit that stores and eliminates 
urine. Smooth muscle in the bladder wall is the detrusor, 
which consists of numerous interlacing muscle bundles 
forming a complex meshwork of smooth muscle without 
identifiable separate layers. The anatomic arrangement is 
such that when the detrusor contracts the bladder reduces 
size equally in all dimensions, resulting in efficient empty- 
ing. The muscle fibers of the detrusor continue through the 
bladder neck and surround the proximal urethra, forming 
the internal sphincter. The detrusor and internal sphincter 
are smooth muscles, but unlike other types of smooth mus- 
cle, they are under voluntary control. 

The external urethral sphincter, composed of striated 
muscle, surrounds and is integral with the urethra, where it 
passes through the urogenital diaphragm. This sphincter is 
composed of both slow- and fast-twitch muscle fibers. The 
slow-twitch fibers have a special importance in that they al- 
low a more sustained contraction than normal striated mus- 
cle. The external sphincter is therefore able not only to close 
the urethra acutely, but also can serve as a passive continence 
mechanism for prolonged periods. Because the internal and 
external sphincters have different nerve supplies, their con- 
tinence functions are independent of each other. However, 
the primary continence mechanism in both men and 
women is the smooth muscle internal sphincter at the blad- 
der neck. 

Viscoelastic properties of the normal bladder allow it to 
enlarge significantly without an attendant increase in inter- 
nal pressure. This property is called accommodation and al- 
lows the bladder to fill to its maximum capacity (300-1000 
mL) with only a slight increase in intravesical pressure. 
Reflux into the upper urinary tracts is prevented during 
bladder filling by the course of the distal ureters through the 
bladder wall to their termination at either end of the trigone. 
The distal ureters pierce the detrusor at an oblique angle and 
then course submucosally for a distance of approximately 
1.5 cm to their respective orifices. While filling and during 
voiding, intravesical pressure is exerted evenly at all points 
on the internal bladder wall. This pressure compresses the 
submucosal portion of the distal ureter against the muscle 
behind it, resulting in a functional closure that prevents re- 
flux. 


Voiding is a complicated neurologic event governed by 
centers in the cerebral cortex that control the detrusor and 
both sphincters (Fig. 17.76). One cortical center uncon- 
sciously inhibits voiding until the bladder nears capacity, 
then voluntarily controls the detrusor and internal sphincter 
when voiding is imminent. A second cortical center controls 
the relaxation and contraction of the external sphincter. The 
coordination of the detrusor and sphincters occurs in the 
pontine micturition center in the brain stem. From there, 
neural tracts travel down the spinal cord to the sacral mic- 
turition center and pudendal nucleus, both in the S-2 to S- 
4 segments of the spinal cord (Fig. 17.77). From the pu- 
dendal nucleus, the pudendal nerve extends deep into the 
pelvis and controls the external sphincter. Efferent and af- 
ferent parasympathetic nerves connect the sacral micturition 
center in the cord with the detrusor and internal sphincter. 
These nerves form the sacral reflex arc. While detrusor con- 
trol is parasympathetic, the sympathetic nervous system can 
block parasympathetic conduction, preventing premature 
detrusor contractions, and thereby serving to modulate the 
storage of urine. 

The bladder and urethra comprise the lower urinary 
tract. The urethral sphincters control the storage of urine, 
and the urethra conveys urine during voiding. During fill- 
ing, the normal bladder will hold up to 1,000 mL of urine 
at a relatively low pressure because of its viscoelastic proper- 
ties, because of the modulating action of the sympathetic 
nerves, and because the normal individual retains voluntary 
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FIGURE 17.76. Neuroanatomy of voiding, upper urinary tracts. 
Centers in the cortex consciously inhibit micturition and also pro- 
vide conscious control of the external sphincter. The pontine mic- 
turition center integrates these central control functions. 
Pathways for control of the bladder and external sphincter travel 
through the spinal cord from the pontine micturition center to 
the sacral micturition center. 
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FIGURE 17.77. Neuroanatomy of voiding, lower tracts. The 
pelvic nerve connects the parasympathetic nucleus in the sacral 
micturition center to the bladder detrusor. The pudendal nerve 
connects the pudendal nucleus in the sacral micturition center to 
the external sphincter. (From Amis ES Jr, Blaivas JG. Neurogenic 
bladder simplified. Radio! Clin North Am 1991;29:571, with per- 
mission.) 


control of the bladder at the level of the cerebral cortex. 
During normal bladder filling, there is an unconscious inhi- 
bition of the micturition reflex in the cerebral cortex. In 
other words, healthy individuals do not have to consciously 
think about their bladder to keep it from emptying. 
However, as the bladder distends toward capacity, the cere- 
bral cortex becomes aware of the need to void. Once a so- 
cially acceptable location has been found, micturition is 
consciously activated. 

Coordinated voiding occurs in a well-defined order: re- 
laxation of the external urethral sphincter, detrusor contrac- 
tion, and, finally, funneling (opening) of the internal 
sphincter. At the completion of voiding, the external 
sphincter is voluntarily contracted, resulting in reflex inhi- 
bition of detrusor contraction. The internal sphincter then 
milks any urine remaining in the proximal urethra back into 
the bladder. 

The following sections discuss various types of neuro- 
genic bladder using a simplified classification (Table 17.1). 


Uninhibited Bladder 
Uninhibited bladder also is known as bladder instability and 


is a type of detrusor hyperreflexia. However, for the pur- 
poses of simplification, uninhibited bladder is considered as 
a separate entity in this chapter. This condition is caused by 
failure of the bladder to mature completely or by problems 
involving the portion of the cerebral cortex that controls 
voluntary micturition. In patients with uninhibited bladder, 
coordinated voiding can still occur because the lesion is 
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TABLE 17.1. CLASSIFICATION OF NEUROGENIC 
BLADDER 
—————————— 
Uninhibited bladder (essentially normal urinary tract) 
Idiopathic 
Delayed maturation of cortical inhibitory center 
Delayed maturation of detrusor 
Acquired 
Stroke 
Brain tumor 
Normal pressure hydrocephalus 
Parkinson's disease 
Detrusor hyperreflexia 
Multiple sclerosis 
Myelodysplasia 
Spinal cord trauma 
Spinal cord tumors 
Spina arteriovenous malformations 
Herniated intervertebral disc 
Detrusor areflexia (large, atonic bladder) 
Herniated intervertebral disc (lower spine) 
Diabetic neuropathy 
Lower spinal cord tumors 


above the pontine micturition center. Therefore, voiding is 
physiologic. Uninhibited bladder may be idiopathic in ori- 
gin, resembling a persistent infantile pattern of voiding. In 
such cases, there is usually incomplete or delayed matura- 
tion of the inhibitory mechanisms controlling the micturi- 
tion reflex (Fig. 17.78) or of the detrusor itself. 

While healthy individuals can allow their bladders to fill 
smoothly to capacity without thinking about it, patients 
with uninhibited bladder tend to suffer uninhibited (invol- 
untary) bladder contractions. These contractions may occur 


Lesion 


FIGURE 17.78. Uninhibited bladder. The pontine micturition 
center and all pathways below it are intact in patients with unin- 
hibited bladder. This protects the urinary tract and it remains 
anatomically normal. The lesion in this case usually occurs in the 
cortex and may be a delayed maturation of the inhibitory mech- 
anism or acquired disease of the cerebral cortex such as stroke, 
brain tumor, normal pressure hydrocephalus, or Parkinson’s dis- 
ease. 
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FIGURE 17.79. Spinning-top urethra in a young boy. Note the 
dilated posterior urethra which resembles the pattern seen in 
posterior urethral valves. (From Saxton HM, Borzyskowski M, 
Robinson LB. Nonobstructive posterior urethral widening (spin- 
ning top urethra) in boys with bladder instability. Radiology 
1992;182:81, with permission.) 


spontaneously or be provoked by rapid filling of the blad- 
der, change in position of the patient, coughing, or other 
various triggering mechanisms. In this idiopathic variety, 
these contractions are sensed by the patient as an urge to 
void that occasionally progresses to some degree of urge in- 
continence before the external urethral sphincter can be vol- 
untarily contracted. This condition has been called nonneu- 
rogenic neurogenic bladder, or Hinman’s syndrome. In 
these patients, a functional bladder outlet obstruction is 
produced by voluntary contraction of the external sphincter 
during uninhibited voiding. The resulting pressure increase 
in the urethra results in dilation of the posterior urethra in 
male patients (typically young boys) (Fig. 17.79) and of the 
entire urethra in females (Fig. 17.80). This has been termed 
the “spinning top” urethra in both males and females. The 
spinning top urethra in females has commonly been re- 
garded as a normal variant. However, careful study of female 
patients with this configuration shows that a majority have 
uninhibited bladder. In boys, the dilated posterior urethra 
may occasionally resemble that seen with posterior urethral 
valves. In either case, the finding of a spinning top urethra 
in females or a wide posterior urethra in boys, especially 
when accompanied by urinary urgency, urge incontinence, 
daytime wetting, or enuresis, should prompt referral for 
thorough urologic evaluation. 

Uninhibited bladder contractions also can occur as a re- 
sult of acquired disease in that part of the cerebral cortex 
that exercises voluntary control over micturition. In these 
patients, there is no ability to initiate or prevent voiding vol- 


FIGURE 17.80. Spinning-top urethra in a woman. This is some- 
times considered a normal variant. However, this appearance 
should suggest the possibility of uninhibited bladder. 


untarily, and uninhibited contractions occur that are not 
sensed and therefore not counteracted. As with the idio- 
pathic or infantile pattern of voiding, the pontine micturi- 
tion center and all neural pathways below it remain intact. 
This allows physiologically normal voiding, although the 
patient may not be aware that it is occurring. Conditions 
that result in this type of incontinence include stroke, brain 
tumor, normal pressure hydrocephalus, and Parkinson’s dis- 
ease. In most of these patients, because micturition is well 
coordinated and complete, the radiographic appearance of 
the urinary tract remains normal. 

Voiding cystourethrography can be standardized to pro- 
vide a practical urodynamic evaluation of the lower urinary 
tract in these patients. No special equipment is required. 
However, interaction with the patient is necessary during all 
phases of the study because the examiner must know what 
the patient is trying to do. For example, normal voluntary 
voiding looks exactly like true incontinence associated with 
bladder instability when observed during a fluoroscopic ex- 
amination. 

In this standardized technique, the bladder is catheter- 
ized with a small catheter (e.g., 8-French pediatric feeding 
tube) and diluted contrast medium is dripped into the blad- 
der from a constant height of 30 cm above the level of the 
pubic symphysis. In a healthy patient, the bladder will fill to 
its normal capacity without significant slowing or interrup- 
tion of the drip. This indicates that the intravesical pressure 
is remaining low and constant. The point of bladder filling 
at which the patient experiences the first urge to void should 
be noted; this is typically at a filling level of 100 to 150 mL. 
A strong urge to void at very small volumes, particularly 
when associated with cessation or even reversal of flow in the 
tubing, is typical of an uninhibited detrusor contraction. 
When observed fluoroscopically, these involuntary contrac- 
tions may be accompanied by opening of the bladder neck 
and contrast spilling into the posterior urethra. Conscious 


tightening of the external sphincter prevents incontinence 
during these contractions. 


Detrusor Hyperreflexia 


Detrusor hyperreflexia is caused by lesions of the spinal cord 
above the sacral segments, but below the pons (Fig. 17.81). 
These lesions interrupt the neural pathways connecting the 
pontine micturition center to the sacral micturition center. 
Such patients have no perception of bladder filling or emp- 
tying and voluntary voiding is simply not possible. Voiding, 
when it does occur, may be associated with simultaneous 
contractions of the detrusor and external sphincter muscles. 
This condition is known as detrusor-external sphincter 
dyssynergia (DESD). DESD occurs in up to 75% of pa- 
tients with suprasacral spinal cord lesions. Contraction of 
the external sphincter can occur involuntarily (without cor- 
tical control) at the same time a detrusor contraction occurs, 
impeding urinary flow and resulting in bladder outlet ob- 
struction. When this type of uncoordinated voiding occurs, 
intravesical pressure may become very high. This increased 
pressure ultimately can result in upper urinary tract deterio- 
ration. While damage may occasionally be caused by vesi- 
coureteral reflux, it is more common for a functional 
ureteral obstruction to occur because of the high intravesical 
pressure that must be overcome in the passage of a urine bo- 
lus from the kidney to the bladder. 

Common neurologic conditions resulting in DESD in- 
clude multiple sclerosis, myelodysplasia, spinal cord trauma, 
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Lesion 


FIGURE 17.81. Detrusor hyperreflexia. Spinal cord lesion inter- 
rupts the neural pathways connecting the pontine micturition 
center to the sacral micturition center. Coordinated voiding is 
not possible in these patients. Common lesions include trauma 
(most common), multiple sclerosis, myelodysplasia, spinal cord 
tumor, arteriovenous malformation of the spinal cord, and her- 
niated intervertebral disks. 


spinal cord tumors, arteriovenous malformations of the 
spinal cord, and, occasionally, herniated intervertebral 
disks. Spinal cord trauma is the most common cause of hy- 
perreflexive bladder, and is typified by a young man suffer- 
ing spinal injury during a diving or automobile accident. 
Radiographically, patients with long-term, untreated 
DESD have rather characteristic changes of the urinary tract 
(Fig. 17.82). The bladder often is vertically oriented, with 


FIGURE 17.82. Detrusor-external sphincter dyssynergia (DESD). A: Voiding cystourethrography 
shows bilateral reflux with clubbed and dilated calyces. Note the severe sacral dysraphism indi- 
cating the neurogenic origin of the bladder problem. B: On voiding, the bladder is vertically ori- 
ented and trabeculated. Massive reflux (r) into the prostatic ducts is also seen. The external sphinc- 
ter in the region of the membranous urethra (arrows) is tightly contracted, and there is poor 
distention of the anterior urethra. Easy passage of an 18-French catheter into the bladder rules 


out a true stricture of the membranous urethra. 
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an irregular contour consistent with trabeculation; there are 
frequently multiple diverticula. Such a bladder often is re- 
ferred to as a “Christmas tree” or “pine tree” bladder. On 
voiding cystourethrography, there may or may not be vesi- 
coureteral reflux. When reflux is present, renal parenchymal 
scarring may occur. When the upper urinary tracts are stud- 
ied by excretory urography or antegrade pyelography, gen- 
eralized dilation and parenchymal thinning is frequently 
found. 

If voiding can be induced during voiding cystourethrog- 
raphy, the posterior urethra is usually seen to be moderately 
dilated, and there can be massive reflux into the prostatic 
ducts. When such reflux is present, prostatic calculi on the 
plain film are a frequent accompaniment. The external 
sphincter at the level of the membranous urethra remains 
tightly contracted, and minimal passage of contrast medium 
into the anterior urethra and poor distention of the anterior 
urethra are seen. Early in the disease, voiding cys- 
tourethrography may demonstrate only persistent urethral 
narrowing at the level of the external sphincter with mild di- 
lation of the prostatic urethra (Fig. 17.83). Retrograde ure- 
thrography in DESD usually also demonstrates external 
sphincter spasm. The differential diagnosis is a true stricture 
of the membranous urethra. However, ifa 16- or 18-French 
catheter could be easily passed into the bladder to perform 
the cystography, significant stricturing in this area can be ex- 
cluded and the diagnosis of DESD should be made. 

In studying patients with suprasacral spinal cord lesions, 
the radiologist must be aware of autonomic dysreflexia (Fig. 


FIGURE 17.83. Upper motor neuron lesion voiding study after 
retrograde bladder filling and suprapubic tapping. The bladder 
neck opens and contrast medium fills the prostatic urethra. The 
verumontanum is visualized, but detrusor external sphincter 
dyssynergia allows only a trickle of contrast medium to pass into 
the anterior urethra. 
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FIGURE 17.84. Diagram of autonomic dysreflexia. Seen in pa- 
tients with detrusor hyperreflexia, the cord lesion blocks the 
moderating influence of supraspinal tracts on sympathetic out- 
flow. A distended bladder or other stimulus therefore results in 
massive sympathetic hyperactivity. 


17.84). This is an acute syndrome of massive sympathetic 
hyperactivity that can be caused by stimuli such as urethral 
catheterization, pressure on the glans penis, bladder disten- 
tion, manipulation of the renal pelvis (e.g., antegrade pyel- 
ography), and ileal conduit loopography. When so stimu- 
lated, these patients may exhibit severe paroxysmal 
hypertension, anxiety, sweating, piloerection, pounding 
headaches, and bradycardia. Hypertension may be so pro- 
found as to result in stroke. 

The occurrence and degree of autonomic dysreflexia are 
largely determined by the level of the suprasacral spinal cord 
lesion. The major sympathetic splanchnic outflow occurs 
between T-5 and L-2. Lesions above T-5 isolate this sympa- 
thetic outflow from moderating supraspinal influences. 
Stimuli such as overdistention of the bladder and others 
mentioned above result in transmission of proprioceptive 
and pain impulses through the sacral reflex arc to the spinal 
cord. These impulses travel up to the cord and synapse with 
sympathetic neurons in the area of splanchnic outflow. If a 
lesion above the level of T-5 prevents normal moderation of 
this splanchnic response, severe sympathetic hyperactivity 
occurs. The lower the level of cord compromise, the less se- 
vere the autonomic response. Lesions between T-6 and T- 
10 usually are associated with only slight blood pressure el- 
evations when the urinary tract is stimulated. With lesions 


below the level of T-10, no significant reactions to stimuli 
are usually seen. The radiologist should be aware of auto- 
nomic dysreflexia and should recognize it when it occurs. If 
the bladder is distended and the patient is noting distress, 
the bladder should be immediately drained and any in- 
dwelling catheter should be removed. The head of the pa- 
tient’s bed should be elevated and the patient’s blood pres- 
sure should be checked at regular intervals until it returns to 
normal. Conservative management will result in resolution 
of the majority of acute episodes of autonomic dysreflexia. 
When severe hypertension persists, it is advisable to seek as- 
sistance from a clinician with expertise in pharmacologic 
treatment for this condition. It also is extremely important 
to listen to the patient: many patients with autonomic dys- 
reflexia recognize the onset of symptoms early on and know 
exactly what should be done to relieve them. 

Modern treatment of patients with DESD can prevent 
deterioration of the kidneys. The external sphincter can be 
destroyed by sphincterotomy. Alternatively, reasonable re- 
sults have been reported by disruption of the external 
sphincter with overdistention of a urethrally placed angio- 
plasty balloon or by transurethral placement of a wire mesh 
stent to keep the external sphincter widely patent. All of 
these methods reduce resistance to voiding. 


Detrusor Areflexia 


Detrusor areflexia is caused by neurologic conditions affect- 
ing the sacral micturition center or pathways connecting 


Lesion(s) 


FIGURE 17.85. Detrusor areflexia. Lesions of the sacral micturi- 
tion center or sacral reflex arc result in a lack of perception of 
bladder filling. The bladder therefore continues to fill until its 
property of accommodation has been overcome. The bladder can 
easily become grossly distended. Conditions resulting in detrusor 
areflexia include herniated intervertebral disks in the lower 
spine, diabetic neuropathy, lower spinal cord tumors, and pelvic 
surgery with disruption of the pelvic and/or pudendal nerves. 
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this center with the bladder or both (Fig. 17.85). 
Conditions that can result in detrusor areflexia include her- 
niated intervertebral discs in the lower spine, diabetic neu- 
ropathy, and lower spinal cord tumors. Pelvic surgery such 
as radical hysterectomy or abdominoperineal resection of 
the rectum also has been reported to result in damage of the 
pelvic and/or pudendal nerves. Because the sacral reflex arc 
is disrupted, there is no perception of bladder distention. 
Therefore, the bladder will continue to fill until the vis- 
coelastic accommodating properties of the detrusor are over- 
come. Intravesical pressure increases rapidly at that point 
and eventually exceeds that exerted by the intact sphincter 
mechanisms. Overflow incontinence then occurs until the 
pressures in the bladder and urethra are equalized, at which 
point leakage ceases. The clinical pattern is that of a drib- 
bling overflow incontinence that may or may not be con- 
stant. The intravesical pressure at which this urine leakage 
occurs has been called the leak-point pressure. This pressure 
is not only important in determining when incontinence 
will occur, it also is an important determinant of upper tract 
deterioration. Leak-point pressures greater than 40 cm of 
water result in hydronephrosis with or without vesi- 
coureteral reflux in more than 80% of patients. With lower 
leak-point pressures, the bladder decompresses by inconti- 
nence before upper urinary tract changes occur. 
Radiographically, voiding cystourethrography in patients 
with detrusor areflexia often reveals a smooth, thin-walled 
bladder with increased capacity, occasionally approaching 
several liters and extending high into the abdomen. The 
grossly enlarged bladder also may be easily seen on plain- 
film radiography (Fig. 17.86). The patient is usually unable 


FIGURE 17.86. Areflexive bladder. Plain-film radiograph of the 
abdomen reveals a hugely distended bladder (arrows) extending 
to the level of L-2. 
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to void spontaneously on removal of the filling catheter. 
Intermittent or total dribbling incontinence of urine may be 
seen. Even in patients with huge bladders, vesicoureteral re- 
flux is rare because of the persistently low intravesical pres- 
sures. If the patient is continent, he or she should be in- 
structed to void by abdominal straining or by the Credé 
maneuver, and the amount of residual urine should be doc- 
umented by a postvoid film. 
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PROSTATE 
Benign Prostatic Hypertrophy 


The term benign prostatic hypertrophy (BPH) describes hy- 
perplasia of the periurethral glands (transitional zone), 
which are present only above the verumontanum. This be- 
nign enlargement of the prostate extends above the pubic 
symphysis, indents the bladder base, and in many cases re- 
sults in obstructive voiding symptoms, although there is no 
direct correlation between the degree of prostatic enlarge- 
ment and the presence or severity of these symptoms. 


Etiology 


Several factors influence the development of prostatic hy- 
pertrophy. Testosterone stimulates prostatic growth, as ev- 
idenced by the fact that eunuchs never develop prostatic 
hypertrophy and that exogenous testosterone causes an in- 
crease in the size of the prostate of castrated patients. 
Estrogen administered to the uncastrated male causes pro- 
static atrophy; administration of progesterone to patients 
with obstructive voiding symptoms due to prostate hyper- 
trophy who are poor surgical risks results in relief of symp- 
toms in 50% of patients. Paradoxically, prostatic hyper- 
trophy occurs in the setting of aging, gonadal involution, 
and a consequent reduction in the production of testos- 
terone. 


Incidence 


The prostate gland in adult males younger than 50 years of 
age is about the size of a walnut and weighs 15 to 20 g. After 
50 years of age, 50% of men have some degree of prostatic 
hypertrophy. The prostate may double in size before the age 
of 70 years, and in some elderly men, can weigh several hun- 
dred grams. However, only approximately 10% of men re- 
quire medical or surgical intervention. 


Clinical Presentation 


The complex of voiding symptoms due to bladder outlet ob- 
struction from any cause is known as prostatism; while BPH 
is the most common cause, prostate cancer, bladder neck 
contracture, or urethral stricture also can be responsible. 
The initial symptom is most commonly a reduction in force 
of the urine stream. Nocturia is common and is associated 
with a feeling of necessity to continue voiding even after 
voiding has ceased. Difficulty in initiating urination (hesi- 
tancy, straining) may have been present for some time be- 
fore the patient seeks medical advice. Urinary retention may 
be of gradual onset or may occur suddenly. Although sud- 
den acute retention often is an indication for prostate 
surgery, 50% of patients with acute retention are relieved by 
catheter drainage and may subsequently void relatively well 
for a period before requiring surgery. 


Radiology 
The plain-film radiograph is typically normal, although oc- 


casionally prostatic adenomata contain calcifications that 
may be seen behind or extending above the pubic symph- 
ysis. Extension above the symphysis is evidence of prostatic 
enlargement. During excretory urography, the bladder is 
usually filled with contrast medium toward the end of the 
study (15-minute films). Anteroposterior or oblique coned 
films identify the effects of prostatic hypertrophy on the 
bladder base (Fig. 18.1), and the postvoid film can provide 
an estimate of residual urine. As the prostate enlarges, evi- 
dence of outlet obstruction may increase. These findings in- 
clude poor emptying of the bladder, a feathery contour of 
the bladder suggesting mild trabeculation or a corrugated 
contour when severe trabeculation is present (Fig. 18.2), the 
formation of frank diverticula, and a smooth dome-like im- 
pression on the bladder base representing the enlarged 
prostate. The enlarged prostate elevates the interureteric 
ridge, producing a characteristic “J-ing” or “hooking” of the 
distal ureters (Fig. 18.3). This appearance of the distal 
ureters is an excellent radiographic indication that the 
prostate is significantly enlarged. 


FIGURE 18.1. Excretory urogram showing bladder base eleva- 
tion by large bilateral adenomata. The distal left ureter is slightly 
dilated. 


Other radiographic patterns can be seen with prostate 
hypertrophy. The classic concept of lobar anatomy, includ- 
ing a median lobe at the bladder neck and a vestigial lobe of 
tissue extending behind the trigone, helps to understand the 
varied ways in which an enlarged prostate can present. An 
enlarged median lobe is seen as a transverse ovoid filling de- 
fect at the bladder base (Fig. 18.4). The median lobe, by 
virtue of a narrow attachment to the prostate, can prolapse 
into the bladder neck and may produce obstruction during 
voiding. Hypertrophy of tissue behind the trigone indents 
the bladder posteriorly rather than the far more commonly 
seen impression on the bladder base. This posterior inden- 
tation, when viewed on supine films, looks like a large, 


rounded filling defect in the center of the bladder (Fig. 


FIGURE 18.2. Benign prostatic hyperplasia with severe bladder 
trabeculation and diverticula formation. The urogram reveals a 
moderately enlarged prostate (bph) indenting the bladder base. 
The bladder is grossly irregular due to trabeculation, and several 
small diverticula can be seen. A Foley catheter (f) is seen at the 
bladder base. 
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FIGURE 18.3. “J-ing” of distal ureters. The urogram reveals sig- 
nificant prostate enlargement (bph) indenting the bladder base. 
The distal ureters have a “J” configuration (arrows) due to ele- 
vation of the trigone and ureteral orifices by the enlarged 
prostate. 


18.5A). This is commonly called the intravesical prostate or 
the lobe of Albarran. Oblique views confirm the posterior 
location; computed tomography (CT) or ultrasound clearly 
show that the mass is contiguous with more inferior pro- 
static tissue (Fig. 18.5B). 

With long-standing severe outlet obstruction, the upper 
urinary tracts can become dilated because of high intravesi- 
cal pressure (or occasionally reflux), contrast excretion is de- 
layed, and renal function may be impaired. Typically, there 
is bilateral symmetric ureteropyelocalyectasis, in which the 
ureters are dilated to the level of the ureterovesical junctions; 
in such cases, the bladder is usually poorly opacified because 
of the presence of a large amount of residual urine 


FIGURE 18.4. Median lobe hypertrophy. The urogram reveals a 
smooth ovoid filling defect in the bladder base (m/) that re- 
mained fixed on various obliquities. This is the classic configura- 
tion of an enlarged median lobe. A narrow point of attachment 
at its base allows this lobe to act as a ball valve at the bladder out- 
let, causing obstruction during voiding. 
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FIGURE 18.5. Lobe of Albarran. A: Excretory urogram reveals a smooth round filling defect in the 
central portion of the bladder. The patient does not have a Foley catheter indwelling. B: 
Computed tomography scan shows the filling defect in the bladder to directly extend from an en- 
larged prostate (P) immediately behind the bladder. More caudad sections showed this prostatic 
tissue to be contiguous with the normally situated prostate. 


(Fig. 18.6). Asymmetric or unilateral upper urinary tract di- 
lation almost never occurs in bladder outlet obstruction 
and, when present, should lead to the strong suspicion of 
prostate cancer extending to the level of the trigone or above 
and involving one or both distal ureters. 


FIGURE 18.6. Bilateral symmetric hydronephrosis due to bladder 
outlet obstruction. Delayed film from an excretory urogram re- 
veals bilateral symmetric dilation of the upper tracts to the level 
of the ureterovesical junctions (arrows). Even on this delayed film, 
no opacification of the bladder is seen. This pattern is consistent 
with a large residual urine due to bladder outlet obstruction re- 
sulting in functional obstruction of the upper urinary tracts. 


Prolonged severe outlet obstruction results in marked 
bladder trabeculation. When detrusor hypertrophy can no 
longer compensate for bladder outlet obstruction, the blad- 
der begins to dilate, analogous to the sequence of events oc- 
curring when the heart pumps against increased resistance. 
At this point, urinary retention occurs. 

Bladder diverticula result from long-standing outlet ob- 
struction, may be larger than the bladder itself, and may ac- 
tually deviate the bladder. In such cases, the diverticulum is 
smooth-walled and the bladder has a thick, irregular (tra- 
beculated) wall. Bladder stones may also result from long- 
standing outlet obstruction by prostatic hypertrophy (Fig. 
18.7), although these stones also may be detected with blad- 
der ultrasound and certainly can be seen on cystoscopy, 
which precedes transurethral resection of the prostate. 


FIGURE 18.7. Multiple bladder calculi due to outlet obstruction. 
The bladder is filled with multiple round filling defects repre- 
senting calculi, and the base is elevated by an enlarged prostate. 


FIGURE 18.8. Benign prostatic hypertrophy. Transverse section 
of the prostate from a transrectal ultrasound examination shows 
the central portion of the prostate (x markers) to be enlarged. 
The mixed echogenicity is consistent with benign prostatic hy- 
perplasia. The centrally placed urethra (U) is clearly seen. The pe- 
ripheral zone (pz) can be seen posterior to the adenoma and ex- 
tending laterally around its margins. The rectum (R) is posterior. 


Transrectal ultrasound (TRUS) can demonstrate signifi- 
cant prostatic enlargement, bladder calculi, and residual 
urine. TRUS provides excellent definition of the internal 
glandular structure, and prostatic adenomata arising in the 
transitional zone and periurethral glandular tissue are well 
visualized (Fig. 18.8). The transitional zone and periurethral 
glandular tissue is normally coarser and slightly less 
echogenic than the peripheral zone. Adenomata arising 
from the transitional zone vary in echogenicity, but are 
more commonly hypoechoic or show mixed echogenicity. 
Large or diffuse calcifications within adenomata produce 
acoustic shadowing. Digital rectal examination in such cases 
may reveal a stony hard nodule that suggests the possibility 
of prostate cancer. Biopsy may be required to distinguish 
such benign nodules from carcinoma. Benign hypertrophy 
may cause only a generalized increase in size of the prostate 
without clearly defined nodules. The echogenicity is, how- 
ever, coarser, and there may be areas of mixed, hypo-, and 
hyperechogenicity. 

CT and magnetic resonance imaging (MRI) are both ef- 
fective methods of assessing the effects of the hypertrophied 
prostate on the bladder, but are not usually indicated. 
Although CT usually shows the prostate as a homogeneous 
organ, in approximately 25% of contrast-enhanced studies, 
the posterior peripheral zone can be seen as an area of rela- 
tively lower attenuation than the centrally located ade- 
noma. 


Prostate Cancer 


Incidence 
The first edition of this book, published in 1991, stated that 


prostatic carcinoma was the second most common malig- 
nancy in men after bronchogenic carcinoma. Since then, the 
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incidence has increased markedly; prostate cancer is now the 
most common cancer in men other than skin cancer (basal 
cell and squamous cell cancers). The American Cancer 
Society estimates that in 2000, 184,400 new cases will be di- 
agnosed. 

Prostate cancer is rare in men younger than 50 years of 
age, but increases dramatically with age thereafter. It ac- 
counts for approximately 13% of cancer deaths in men. 
Significant geographic and racial differences in the inci- 
dence of prostate cancer are reported. The incidence of clin- 
ical carcinoma is low in China, Japan, Hispanic areas, Israel, 
Latin and South America, and in Native Americans. The in- 
cidence is high in North America and Northern Europe. 
North American blacks have an incidence approximately 
twice that of whites. However, the incidence of occult carci- 
noma is uniform throughout the world. The geographic in- 
cidence may be influenced by the lack of epidemiologic 
studies in low-incidence countries and by the lack of docu- 
mentation of prostate cancer. 


Etiology 


Prostatic carcinoma, like prostatic hypertrophy, has been 
shown to be androgen-dependent. Castrated males do not 
develop prostate cancer. Marital status, sexual practices, oc- 
cupation, dietary habits, socioeconomic status, tobacco con- 
sumption, and viral and bacterial infection have all been ex- 
tensively investigated. No definite cause and effect has yet 
been proven; however, there appears to be a familial ten- 
dency for prostate cancer and recent evidence suggests that 
men in the United States whose diets are rich in fats from red 
meat face nearly an 80% greater risk of developing prostate 
cancer than do men with the lowest intake of such foods. 


Pathology 


More than 95% of prostatic neoplasms are adenocarcino- 
mas, which typically originate in the epithelium of prostatic 
acini in the peripheral zone of the prostate. Other prostate 
tumors are rare and include squamous cell carcinomas, en- 
dometrioid carcinomas arising from the prostatic utricle, 
carcinosarcomas, melanomas (Fig. 18.9), and mesenchymal 
neoplasms such as rhabdomyosarcoma (Fig. 18.10), 
leiomyosarcoma, or fibrosarcoma. The remainder of this 
discussion pertains to adenocarcinoma of the prostate. 
Grading of prostate cancer involves a histologic evalua- 
tion of tissue for glandular pattern, size, and distribution; 
cells are examined for their degree of differentiation. The 
Gleason system for grading prostate cancer is in common 
use. This system requires that the tumor is studied histolog- 
ically and that predominant and secondary patterns of tu- 
mor are identified. Each of these is assigned a score of 1 
through 5. The lower the grade number, the better differ- 
entiated is the tumor. The higher the grade, the less differ- 
entiation is present. The numbers are then added for the fi- 
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FIGURE 18.9. Primary malignant melanoma of the prostate. 
Computed tomography through the prostate shows a large com- 
plex mass extending to the right pelvic sidewall. Nothing in this 
pattern would lead one to suspect melanoma as the most likely 
diagnosis. 


nal score, which can range between 2 and 10. For example, 
a tumor that is predominantly well differentiated (score of 
1), but has a small focus of moderate dedifferentiation (score 
of 3) would have a Gleason score of 4 overall. Correlation 
between tumor grade and degree of spread (stage) is usually 
good; tumors with a Gleason score of 2 to 4 rarely have 
metastases to pelvic lymph nodes, whereas tumors with 
scores of 8 to 10 almost always have involvement of pelvic 
lymph nodes. 


Staging 


The Whitmore-Jewett staging method is a common system 
for staging prostate cancer in North America (Fig. 18.11). 
Stage A carcinoma has no clinical manifestations and is not 
palpable on digital rectal examination (DRE). It is usually 


FIGURE 18.10. Embryona!l rhabdomyosarcoma of the prostate. 
Computed tomography shows a large soft tissue mass displacing 
the bladder anteriorly. 


incidentally found in pathology specimens of patients who 
have had prostatectomy for presumed benign prostatic hy- 
pertrophy, but also can be identified by biopsy performed 
in patients with an elevated prostate-specific antigen. 
Approximately 10% of all prostatic hypertrophy surgical 
specimens show histologic carcinoma. Stage A tumors also 
are found incidentally in autopsy specimens with a fre- 
quency that increases with age. The natural history of stage 
A prostatic carcinoma is not clearly defined. It is generally 
accepted that a small focus of well-differentiated carcinoma 
is not likely to progress rapidly to a lethal disease. Most 
stage A carcinomas fall into this category. Stage A, carci- 
noma is a small focus of tumor entirely within the sub- 
stance of the prostate. Stage A, diffusely involves the 
prostate, but also is not palpable and does not invade 
through the capsule. 

Stage B is a clinically palpable, firm nodule in the pe- 
ripheral zone without evidence of capsular transgression or 
distant extension. Stage B, is a palpable nodule less than 1.5 
cm in diameter, whereas stage Bz is a larger nodule usually 
involving both sides of the prostate. 

Stage C carcinomas transgress the capsule. DRE reveals a 
less well-defined firmness, perhaps extending to the seminal 
vesicles. However, it often is difficult to differentiate stages 
B and C with DRE, because extension beyond the prostate 
may be only microscopic, and therefore, is not palpable. At 
least 50% of patients with stage C carcinoma have metas- 
tases to the pelvic lymph nodes. 

Patients with stage D carcinoma may present with uri- 
nary symptoms, palpable extension of tumor beyond the 
confines of the prostatic capsule, bone metastases, and hy- 
dronephrosis due to ureteral obstruction by carcinoma at 
the ureterovesical junction. Stage D, refers to extraprostatic 
spread of tumor only to pelvic nodes, whereas stage D2 per- 
tains to all other types of metastatic spread. DRE usually re- 
veals a diffusely hard nodular prostate. Presenting symp- 
toms not uncommonly include bone pain due to the skeletal 
metastases. 

The TNM staging method is more descriptively detailed 
and has been adopted by the American Joint Commission 
on Cancer, Staging, and End Results Reporting. T refers to 
tumor stage, N to node involvement, and M to distant 
metastases. Figure 18.11 and Table 18.1 compare the 
Whitmore-Jewett and TNM staging systems. 

Although there is usually a good correlation between tu- 
mor grade and stage (Table 18.2), there are exceptions. 
Stage B; lesions have a better prognosis than stage Az le- 
sions; this occurs because only 25% of stage A; lesions are 
well differentiated, as opposed to 85% of Stage By lesions. 
Recent reports indicate that the incidence of diagnosis of 
stage A carcinomas is increasing. In 1967, the Veterans 
Administration Cooperative Urological Research Group 
(VACURG) reported that only 6% of prostatic cancers were 
diagnosed at stage A. Currently up to 50% of all prostatic 
carcinomas are stage A when diagnosed. 
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FIGURE 18.11. Staging of prostate cancer. Diagrammatic com- 
parison of Whitmore-Jewett and tumor, nodes, metastases 
(TNM) staging systems. (Modified from Amis ES Jr. Epidemiology 
and natural history of carcinoma of the prostate. American 
Roentgen Ray Society Categorical Course Syllabus on 
Uroradiology, 1989;87-92. Copyright 1989, Reston, VA: American 


Screening for Prostate Cancer 


Biochemical studies may be helpful in detecting prostatic 
cancer and in assessing its spread. Prostate-specific antigen 
(PSA) is a serine protease that is normally secreted only into 
the ductal system of the prostate. With derangement of the 
prostate architecture due to a variety of conditions, PSA can 
leak from the acini into the stroma of the gland, and can en- 
ter the circulation through lymphatics and capillaries. There 
are multiple causes for an elevated PSA level, including cys- 
toscopy, core needle biopsy of the prostate, and trans- 


College of Radiology, with permission.) 


urethral resection of the prostate. Elevated PSA levels also 
can be found in association with prostatitis, prostatic in- 
farct, acute urinary retention, and benign hypertrophy of 
the prostate. DRE and TRUS have little or no effect on 
serum PSA levels. 

The serum PSA level has an upper limit of normal of 4.0 
ng/mL. PSA levels between 4 and 10 ng/mL do not distin- 
guish benign from malignant conditions, because BPH is 
common in older men and is known to elaborate PSA at the 
rate of 0.3 ng/mL per gram of BPH tissue. The rate of PSA 
increases over time or the ratio of PSA to prostate volume 
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TABLE 18.1. COMPARISON OF STAGING SYSTEMS FOR PROSTATE CANCER 


Whitmore-Jewett TNM Description 

— TO No evidence of tumor 

Ay Tia Tumor not palpable; small focus (<5% of gland) 

A2 Tib Tumor not palpable; diffuse involvement of gland 

Bo Tic Nonpalpable tumor identified because of an elevated PSA; not 
visible on TRUS 

B, T2a Palpable tumor involving less than half of one lobe 

Bı T2b Palpable tumor involving more than half of one lobe, but not 
both lobes 

B2 T2c Palpable tumor involving both lobes 

C T3a Unilateral extracapsular extension 

C T3b Bilateral extracapsular extension 

C T3c Invasion of one or both seminal vesicles 

— T4a Invasion of bladder neck, external sphincter, or rectum 

— T4b Invasion of levator muscles or fixation to pelvic sidewall 

D; N Regional (pelvic) node involvement 

D2 M Distant metastases 


PSA, prostate-specific antigen; TRUS, transrectal ultrasound. 


(PSA density) may be more useful indicators of malignancy. 
A change of 0.75 ng/mL or greater per year or a 20% or 
more increase in serum PSA per year is far more indicative 
of prostate cancer than BPH. The PSA density, which re- 
quires TRUS for determination of prostate volume, also is a 
useful way to differentiate malignant from benign disease. 
The mean PSA density for prostate cancer is 0.58, whereas 
the mean PSA density for BPH is only 0.04. Typically, BPH 
has a PSA density of 0.1 or less, whereas almost all patients 
with a PSA density of greater than 0.1 will have prostate 
cancer. 

Another screening tool, the DRE, is significantly depen- 
dent on the skill of the examiner. It detects only approxi- 
mately 40% of prostate cancers less than 1.5 cm in diame- 
ter. Further, more than 50% of prostate cancers are 
clinically advanced at the time they are detected by DRE. 
However, there is a significant symbiotic effect of combin- 
ing DRE with PSA. The PSA level is normal in 21% of pa- 
tients with biopsy-proven prostate cancer. Therefore, PSA is 
not capable of finding all cases of this neoplasm. Conversely, 
DRE can detect some prostate cancers that would be missed 


TABLE 18.2. RELATION BETWEEN GRADE AND 
STAGE IN PROSTATE CANCER 


Stage (%) 

Grade A B c D 
Well-differentiated 61.9 41.0 30.0 18.3 
Moderately differentiated 18.5 32.7 31.5 32.1 
Poorly differentiated 5.4 13.0 23.0 30.2 
Undifferentiated 0.3 1.0 2.5 3.1 
Not graded or unknown 13.9 12.3 13.0 16.3 


Source: Based on data from the National Survey of Prostate Cancer 
in the United States by the American College of Surgeons, 1982. 


if relying on PSA alone. If both DRE and PSA are positive, 
60% of those patients will have prostate cancer; ifboth DRE 
and PSA are normal, only 2% of those patients will have the 
disease. 

Screening for prostate cancer remains a controversial sub- 
ject because the natural history of the small tumors detected 
by elevated PSA levels or by TRUS is unknown. 
Nonetheless, both the American Cancer Society and the 
American Urological Association now recommend an an- 
nual DRE and PSA beginning at 50 years of age. For high- 
risk patients such as black men and those with a strong fam- 
ily history of prostate cancer, this screening is recommended 
to begin at 40 years of age. 


Dissemination 


Spread of prostatic carcinoma occurs by three methods: di- 
rect extension, lymphatic spread, and hematogenous spread. 
Carcinoma of the prostate typically originates in the periph- 
eral zone closer to the prostatic capsule than to the urethra. 
Capsular invasion opens a route to perineural lymphatics 
and to the periprostatic venous plexus of Santorini, allowing 
distant metastases to the viscera and axial skeleton. 

Local spread is to the seminal vesicles, the urethra, the 
bladder neck, the bladder base, and the interureteric ridge, 
the latter causing asymmetric or unilateral ureteral obstruc- 
tion. Less commonly, prostatic cancer spreads posteriorly 
and superiorly, invades Denonvilliers’ fascia, and grows into 
the rectosigmoid region of the colon, sometimes producing 
bowel obstruction. Rarely, rectal involvement produces an 
ulcerating lesion that is extremely difficult to distinguish 
from rectal carcinoma. Late local spread to the corpus cav- 
ernosa, corpus spongiosum, and scrotum has been reported. 

Lymphatic spread is initially from lymphatics within the 
prostate to the pelvic lymph nodes, which are usually dis- 


sected for frozen section histologic examination at the time 
of total prostatectomy (staging lymphadenectomy). There is 
a high incidence of pelvic lymph node metastases in carci- 
noma of the prostate. The lymph node groups involved in- 
clude the obturator, the external iliac, and the internal iliac 
nodes. The common iliac, paraaortic, mediastinal, and 
supraclavicular lymph nodes may be involved in advanced 
disease. Spread from the mediastinal lymph nodes into 
pulmonary lymphatics resulting in lymphangitic carcino- 
matosis has been reported. In autopsy cases of patients 
who died of prostate cancer, up to 20% had pathologic 
evidence of pulmonary lymphangitic carcinomatosis, but 
only 5% of these cases were detected radiographically. 
Suspicion of a prostate primary in such patients is impor- 
tant, because the prognosis can be improved with estrogen 
therapy. 

Hematogenous spread is to the axial skeleton or viscera. 
Eighty-five percent of patients dying of prostatic carcinoma 
exhibit bony metastases in the axial skeleton. Sites of skele- 
tal metastases are the lumbar spine, proximal femur, bony 
pelvis, thoracic spine, ribs, sternum, skull, and proximal 
humerus in order of decreasing frequency. The route of 
early hematogenous spread to the spine and pelvis is 
through the intervertebral venous plexus of Batson, which 
directly communicates with the periprostatic venous plexus 
of Santorini. More than 90% of prostatic metastatic lesions 
to bone are blastic. 

Capsular invasion opens the hematogenous route for 
metastatic disease through the periprostatic venous plexus, 
which communicates with the pudendal and vesical venous 
plexuses. Drainage progresses through the veins to the 
lungs. Metastases to bones below the level of the prostate 
(i.e., ischia and femora) likely result from malignant shunts 
with arterial metastases. Brain metastases from carcinoma of 
the prostate have been reported without lung metastases, 
which implies arterial embolization. This may occur in the 
presence of a cardiac right-to-left shunt. When lung metas- 
tases are present, microscopic lesions may enter the pul- 
monary veins returning to the left heart and thus cause arte- 
rial embolization, but this is a rare form of tumor 
embolization. 


Clinical Presentation 


Prostatic carcinoma often does not produce symptoms until 
significant local spread has occurred. Up to 25% of patients 
presenting with urinary retention have prostatic carcinoma, 
but the urinary retention may be solely the result of prostatic 
hypertrophy and the carcinoma is a coincidental histologic 
finding. When the carcinoma has attained sufficient bulk, 
dysuria, slow urinary stream, dribbling, and some degree of 
outlet obstruction are the presenting symptoms. Hematuria 
and rectal or perineal pain are less common symptoms. 
More commonly, metastases cause bone pain, weight loss, 
and anemia. 
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Clinical Diagnosis 


Once prostate cancer is suspected based on the DRE, PSA, 
or both, TRUS is usually performed to identify potential ab- 
normal foci within the prostate and to guide biopsy study of 
these areas. Alternatively, digital guidance of biopsy of a pal- 
pable nodule transrectally can be performed. The positive 
predictive value that a palpable nodule will be cancer is ap- 
proximately 50%; the remainder prove to be focal areas of 
prostatitis, old infarcts, or nodular BPH. 

The preferred method of diagnosis of a suspicious hy- 
poechoic nodule demonstrated by TRUS is by core needle 
biopsy. The positive predictive value that such a nodule will 
be cancer varies between 18% and 60%; by TRUS hypoe- 
choic areas also can be prostatitis, infarct, or atypical nodu- 
lar BPH. A prostatic cyst or a ductal structure such as the 
ejaculatory duct are anechoic and should be distinguished 
from hypoechoic lesions. Biopsy can be performed under ul- 
trasound guidance through the transperineal or the trans- 
rectal route. Although the incidence of infection is lower 
with transperineal biopsy, it is more cumbersome and 
painful. Most prostate biopsy studies are performed through 
the transrectal route. Mechanical, spring-loaded biopsy de- 
vices are used routinely for prostate biopsy procedures be- 
cause they provide a better core of tissue and are less painful. 
A biopsy specimen of any suspicious lesion should be ob- 
tained. Systematic biopsies of the remainder of the prostate 
gland are recommended, since it may contain cancer despite 
a benign ultrasound appearance. Antibiotics are recom- 
mended before the biopsy to reduce the incidence of sep- 
ticemia or urinary tract infection. 


Radiology 


While PSA levels are not routinely used to predict capsular 
transgression or nodal involvement by prostate cancer, re- 
cent studies indicate that it is extremely rare to find bony 
metastases in patients with a PSA of 10 ng/mL or less. In an 
era when the use of imaging procedures is being closely con- 
trolled, obtaining bone scintigraphy for the large majority of 
patients diagnosed with prostate cancer may not be justified. 
Radionuclide bone scans should be reserved for those pa- 
tients with PSA levels greater than 10 ng/mL at the time of 
diagnosis (Fig. 18.12), or for patients with localized bone 
pain suggesting metastases. When a bone scan shows areas 
of increased activity, plain-film radiographs of the suspi- 
cious areas are indicated to exclude benign lesions such as 
degenerative change or Paget’s disease. Because the radionu- 
clide bone scan can detect metastatic deposits before they 
become radiographically apparent, negative plain-film ra- 
diographs in the light of increased scan activity should lead 
to the diagnosis of metastases. 

Most metastatic bone lesions occur in the thoracolumbar 
spine, pelvis, and ribs, and the vast majority are blastic 
(90%) (Fig. 18.13). The remainder are mixed blastic and 
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FIGURE 18.12. Radionuclide bone scan showing multiple metas- 
tases. Multiple areas of increased radiopharmaceutical uptake by 
the osseous metastases are seen. Note the obstructed right kid- 
ney (large arrow) in this posterior view. The left kidney (small ar- 
row) is normal. (From Amis ES Jr, Newhouse JH. Essentials of uro- 
radiology. Boston: Little, Brown and Company, 1991:330, with 
permission.) 


lytic. Approximately 1% are bone destructive and lytic, but 
may produce periosteal new bone. Metastatic bone lesions 
are discrete dense areas varying in size from a few millime- 
ters to several centimeters. Solitary small discrete blastic le- 
sions may represent bone islands, but in the presence of 
known prostatic carcinoma, follow-up examination is re- 
quired. Metastatic lesions are commonly adjacent to joint 


surfaces such as the sacroiliac joints and hip joints, but do 
not affect the joint space. Difficulty may be experienced 
when a metastatic lesion abuts a joint affected by degenera- 
tive or inflammatory change. Blastic lesions have a well-de- 
marcated edge as opposed to degenerative sclerosis, which is 
more diffuse. Blastic metastases in pedicles are relatively 
common, but may be obscured by degenerative arthritic 
change in the lumbar apophyseal joints, and additional 
oblique lumbar spine views may be necessary for clarifica- 
tion. Blastic metastatic lesions in the vertebral bodies typi- 
cally lie adjacent to the vertebral body cortex, but may in- 
crease in size to involve the complete vertebral body, 
resulting in a sclerotic vertebra. Unlike patients with Paget’s 
disease, the sclerotic vertebra is not enlarged in patients with 
carcinoma of the prostate. Multiple bone islands and os- 
teopoikilosis are small discrete bone densities that never 
change in size or density, unlike blastic metastases, which 
are less discrete and increase in size without therapy. 

Mixed osteoblastic and lytic lesions may be produced by 
both carcinoma of the prostate and by Paget’s disease. 
Paget’s disease generally produces cortical thickening, coarse 
trabeculation, and an increase in the size of the affected 
bone. The lytic lesions in Paget’s disease are well demar- 
cated. Areas of repair become blastic, leading to the mixed 
blastic and lytic appearance. Although the appearance of 
metastases from carcinoma of the prostate and Paget’s dis- 
ease are similar and can coexist, careful evaluation of the dis- 
tinguishing features usually allows the correct diagnosis. 

Prostate cancer can be so diffusely metastatic that virtu- 
ally all the bones are involved and dense. A bone scan in 
such a patient may be difficult to interpret, because it shows 
no focal areas of involvement. However, the key finding will 
be the absence of visualization of the kidneys. In normal pa- 
tients, approximately 15% of the radionuclide is excreted by 
the kidneys. In patients with diffuse metastases, the ra- 


FIGURE 18.13. Metastatic prostate carcinoma. A: Plain-film radiograph of the pelvis showing 
multiple blastic lesions in the pelvis and femora. B: An unenhanced computed tomography scan 
using “bone windows” in the same patient demonstrates a lytic lesion (arrow) in addition to the 


blastic deposits. 


dionuclide is completely absorbed by the bones, leaving lit- 
tle or none for the kidneys to excrete. Such a pattern is 
known as a “super bone scan” (Fig. 18.14). The differential 
diagnosis of diffusely dense bones includes myelosclerosis, 
urticaria pigmentosa, and fluorine poisoning, in addition to 
blastic metastases. 

The chest radiograph can be a useful study in patients 
with prostate cancer, and a careful search for small nodular 
lesions and increased interstitial lung markings is manda- 
tory. Hematogenous nodules in the lungs may vary in size 
from a few millimeters to several centimeters. Lymphangitic 
spread may be recognized as hilar lymph node enlargement 
and increased interstitial lung markings, particularly Kerley 
A and B lines. Kerley A lines are several centimeters long ex- 
tending from the hila into the lungs. Kerley B lines are short, 
extending to the lung periphery in the costophrenic angles. 
There may be small effusions obliterating the costophrenic 
angles. Generally, however, chest findings tend to occur late 
in the disease. 

CT may be used in the preoperative staging of prostate 
cancer. Gross local spread is seen as extension of tumor into 
the angle between the bladder and seminal vesicle (Fig. 
18.15), invasion of one or both seminal vesicles resulting in 
significant asymmetry, thickening of the posterior bladder 
wall by direct extension of tumor (Fig. 18.16), an irregular 
prostatic margin, or rectal invasion (Fig. 18.17). 
Unfortunately, multiple studies have indicated a poor accu- 


racy for CT in staging this disease. The problem does not lie 
in showing gross extraprostatic spread, but rather in detect- 


FIGURE 18.14. Super bone scan in patient with diffuse prostate 
metastases. Note the absence of renal function indicating diffuse 
uptake of radiopharmaceutical by metastatic prostate cancer. 
(From Amis ES Jr, Newhouse JH. Essentials of uroradiology. 
Boston: Little, Brown and Company, 1991:330, with permission.) 
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FIGURE 18.15. Direct extension of prostate cancer through cap- 
sule into seminal vesicle angle. Computed tomography through 
the pelvis shows a soft tissue mass (arrow) in the angle between 
the posterior bladder wall and the seminal vesicles. 


ing microscopic transgression of the capsule, a common oc- 
currence. 

CT is more useful in the detection of metastases to the 
pelvic lymph nodes. Pelvic lymph nodes are usually consid- 
ered abnormal (and probably involved with metastatic tu- 
mor) if they are larger than 1.3 cm in diameter as measured 
by CT. If the size threshold is reduced, the sensitivity of CT 
will increase, but at the expense of specificity. One recent 
study showed that biopsy of lymph nodes 6 mm or larger re- 
sulted in a 96.5% accuracy in detecting metastatic prostate 
cancer. However, aggressive prostate cancers often are asso- 
ciated with bulky pelvic, iliac, and paraaortic node masses 
(Figs. 18.18 and 18.19). 


FIGURE 18.16. Prostate cancer invading posterior bladder wall. 
Computed tomography at the level of the seminal vesicles shows 
thickening and irregularity of the posterior bladder wail. On 
more caudad sections the bladder wall thickening was contigu- 
ous with direct extension of tumor through the prostate capsule. 
Note the right posterolateral bladder diverticulum (d). The left 
ureter (arrow) is obstructed by the prostate cancer. 
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FIGURE 18.17. Prostate carcinoma. Tumor (P) is invading the an- 
terior rectal wall (arrow). 


Although early reports on TRUS were unimpressive, the 
development of high-resolution 6- to 7.5-MHz transducers 
and improved near-field focus have improved results. The 
aim of this diagnostic procedure is to make the diagnosis of 
prostate malignancy while the lesion is still treatable by rad- 
ical extirpation (i.e., before it has spread beyond the cap- 
sule). However, given that many small prostate cancers lie 
dormant for decades, the clinical effect of early diagnosis is 
not yet proven. 

On TRUS, small carcinomas (stages A and B) are typi- 
cally hypoechoic relative to the peripheral zone, and the vast 
majority (80%—90%) occur in that zone. Some carcinomas 
may be well defined without internal echoes (Fig. 18.20) 
but, unlike cysts, they have no enhanced through-transmis- 
sion. Others may be irregular and poorly defined. Extension 
of carcinoma through the capsule is recognized as capsular 
bulging or interruption of the hyperechoic line representing 


FIGURE 18.18. Prostate carcinoma. Bulky metastases to com- 
mon iliac lymph nodes are seen. Metastatic tumor has also de- 
stroyed a portion of the right ilium (arrow). 


FIGURE 18.19. Prostate carcinoma. Paraaortic metastases are 
clearly distinguished from the opacified aorta and inferior vena 
cava on this enhanced computed tomography scan. 


the capsule and pericapsular fat (Fig. 18.21). Such a finding 
usually indicates stage C carcinoma. However, the experi- 
ence with TRUS as a staging tool for prostate tumors is vari- 
able, with accuracies for detecting capsular transgression 
ranging from less than 40% to more than 80%. TRUS also 
has been touted for the detection of seminal vesicle involve- 
ment by tumor, with a positive examination in more than 
90% of histologically proven cases; unfortunately, it also 
shows sonographic abnormalities in more than 10% of nor- 
mal seminal vesicles. The normal seminal vesicle is slightly 
less echogenic than the prostate, and tumor involvement re- 
sults in a more echogenic appearance. 


FIGURE 18.20. Nonpalpable stage A prostate cancer. Transverse 
transrectal ultrasound section shows an anechoic lesion in the pe- 
ripheral zone (markers) without disruption of adjacent hypere- 
choic capsule. 


FIGURE 18.21. Stage C prostate cancer. Transverse transrectal 
ultrasound section shows an extensive tumor involving the entire 
left peripheral zone. The tumor can be seen extending directly 
through (arrows) and buiging (arrowhead) the hyperechoic 
capsule. 


Hypoechoic foci in the prostate as small as 4 mm in di- 
ameter are now detectable with high-resolution equipment. 
Because the majority of hypoechoic areas in the peripheral 
zone are not malignant, biopsy is essential for establishing 
the definitive diagnosis. Ultrasound guidance of transrectal 
or transperineal biopsy is an accurate and well-tolerated pro- 
cedure. At least three needle cores are obtained from the le- 
sion, and random biopsy cores are usually obtained from the 
opposite peripheral zone. 

Approximately 25% of prostatic carcinomas are isoe- 
choic or only minimally hypoechoic in relation to the 
echogenicity of the peripheral zone, and are therefore diffi- 
cult to demonstrate by TRUS. Isoechoic carcinomas can be 
suspected only when they bulge or invade the capsule. In a 
minority of cases, prostate cancer can be hyperechoic (Fig. 
18.22). 

Transurethral prostatectomy for prostatic hypertrophy 
often reveals malignant change on histologic examination of 
the resected tissue. Ten percent to 20% of prostatic carci- 
nomas develop in the transitional zone around the urethra. 
Prostatic cancers arising in the transitional zone are almost 
impossible to diagnose with transrectal ultrasound since this 
area is involved by adenomatous hyperplasia (BPH). 

Color Doppler techniques have recently been used in an 
effort to improve diagnostic accuracy. In a series of 132 
biopsy-proven cancers, 93% had an abnormal flow with a 
corresponding gray-scale abnormality, typically a hypoe- 
choic nodule, while the remaining 7% showed only a dis- 
tinctly abnormal flow during color Doppler scanning. The 
peripheral prostate shows minimal or no flow in healthy 
men. Although the differential diagnosis for abnormal flow 
is virtually the same as for a palpable nodule on DRE or a 
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FIGURE 18.22. Stage C hyperechoic prostate cancer. Transverse 
transrectal ultrasound section demonstrates a large hyperechoic 
mass (black arrowheads) which bulges the prostatic capsule 
(white arrow) suggesting the possibility of a stage C lesion. 
Biopsy confirmed capsular transgression. 


hypoechoic nodule on TRUS (e.g., a focus of prostatitis or 
BPH), the detection of such an area of abnormal flow 
should prompt biopsy to exclude malignancy. 

Ultrasound also shows promise in the treatment of 
prostate cancer. Positive results with ultrasound-guided 
percutaneous cryoablation of prostate tumors have been re- 
cently reported. Cryoprobes are selectively used to freeze the 
area of the tumor, followed by the remainder of the gland. 
This procedure is performed by a radiologist and urologist 
working together. Results are preliminary, and longer fol- 
low-up will be necessary before this treatment regimen can 
gain wide acceptance. 

MRI provides clear visualization of the prostate in trans- 
verse, sagittal, and coronal planes. T2-weighted images are 
necessary for visualization of the internal architecture of the 
gland. T1-weighted images show the prostate as a homoge- 
neous gland of medium-signal-intensity and also clearly 
demonstrate the neurovascular bundles (Fig. 18.23). These 
images also can define the extent of postbiopsy bleeding, as 
hemorrhage is seen as an area of high-signal-intensity (Fig. 
18.24). The central gland is of medium- to low-signal-in- 
tensity, whereas the peripheral zone gives a high signal. 
Inhomogeneous enlargement of the central gland is seen 
with BPH (Fig. 18.25). Pathologic states within the prostate 
can be identified by varying areas of signal intensity. 
Prostate cancer is typically seen as an area of lower signal-in- 
tensity in the otherwise high-signal peripheral zone (Figs. 
18.26 and 18.27). A recent study showed that MRI was able 
to detect 62% of proven prostate cancers greater than 5 mm 
in diameter. The large majority of these cancers were located 
in the posterior gland; MRI was much less sensitive in 
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FIGURE 18.23. T1-weighted axial magnetic resonance image of 
the prostate obtained with endorectal coil. The prostate (P) is 
seen as a homogeneous medium-signal-intensity structure. The 
neurovascular bundles are seen as small, medium-signal-intensity 
structures (arrows) lying posterolaterally in the rectoprostatic an- 
gle where they are contrasted against the higher signal-intensity 
fat. 


demonstrating tumors elsewhere. Therefore, MRI is not 
used for early detection of prostate cancer because the com- 
bination of DRE and PSA is far more accurate and cost-ef- 
fective for screening. 

MRI may prove to be a valuable tool for staging prostate 
cancer. Gross extension of tumor beyond the capsule or into 


FIGURE 18.24. Postbiopsy prostatic bleeding. T1-weighted im- 
age obtained with an endorectal coil shows a moderate-sized, 
high-signal-intensity hemorrhage (H) in the left lateral portion of 
the prostate (P). 


FIGURE 18.25. Benign prostatic hyperplasia (BPH) without evi- 
dence of tumor. Axial T2-weighted magnetic resonance image 
through the prostate obtained with endorectal coil reveals a 
large inhomogeneous central gland consistent with BPH. The pe- 
ripheral zone (pz) is somewhat compressed, but of normal, high- 
signal-intensity without evidence of tumor. 


adjacent structures may be seen, especially when an en- 
dorectal coil is used. Minor signs of capsular transgression 
include a smooth or irregular bulge in the contour of the 
gland in the region of the tumor and asymmetry of the neu- 
rovascular bundle secondary to retraction. Smooth capsular 
bulge is predictive of capsular transgression in approxi- 


FIGURE 18.26. Stage B prostate cancer. T2-weighted axial mag- 
netic resonance image of the prostate obtained with endorectal 
coil shows a slightly irregular, medium-signal tumor (T) in the 
right posterior zone (pz). The capsule is not as clearly seen on this 
image as it is in Fig. 18.27, but there is no bulge and this is con- 
sistent with a stage B lesion. The central gland is mildly enlarged 
consistent with benign prostatic hyperplasia. 


FIGURE 18.27. Stage Bz prostate cancer. T2-weighted axial mag- 
netic resonance image through the prostate obtained with en- 
dorectal coils shows an extensive low-signal tumor (arrowheads) 
occupying most of the peripheral zone. A small area of unin- 
volved peripheral zone (pz) is noted on the right side. 


mately 25% of cases (Fig. 18.28), while an irregular bulge is 
indicative of periprostatic spread in 75% (Fig. 18.29). 
While gross transgression is readily apparent (Fig. 18.30), 
microscopic involvement can be suggested when asymmetry 
of the neurovascular bundles is seen in association with 
other signs of capsular transgression. 

The normal seminal vesicles have a high-signal-intensity 
on T2-weighted images (Fig. 18.31). Involvement by tumor 


FIGURE: 18.28. Prostate cancer with suggestion of capsular 
transgression. T2-weighted axial magnetic resonance image 
through the prostate using endorecta! coil shows a moderate- 
sized, medium-signal tumor (7) in the left peripheral zone which 
bulges the capsule posteriorly. This smooth bulge is associated 
with capsular transgression in about 25% of cases. The unin- 
volved peripheral zone (pz) is seen as a high-signal area com- 
pressed by benign prostatic hyperplasia involving the central 
gland. 
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FIGURE 18.29. Prostate cancer most likely transgressing capsule. 
T2-weighted axial magnetic resonance image of the prostate us- 
ing endorectal coil shows a moderate-sized, medium-signal tu- 
mor in the left peripheral zone (7). This tumor produces an an- 
gular bulge in the capsule posteriorly (arrowheads) suggesting a 
high possibility of capsular transgression. 


is seen as an area of lower signal-intensity (Fig. 18.32). 
Unfortunately, lower than normal signal-intensity in the 
seminal vesicles also can be seen after radiation or hormonal 
therapy, or may be caused by postbiopsy blood. 

Currently, the accuracy of MRI in detecting capsular 
transgression by prostate cancer approaches 80%, although 
reports indicate there is considerable interobserver variation 
in interpretation of the images. While MRI is touted by 


FIGURE 18.30. Invasion of neurovascular bundle by prostate 
cancer (stage C). T2-weighted magnetic resonance section shows 
low-signal tumor in left peripheral zone with direct extension 
into the ipsilateral neurovascular bundle. The right neurovascu- 
lar bundle is normal. Benign prostatic hyperplasia is noted in the 
more central part of the prostate. 
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FIGURE 18.31. Normal seminal vesicles on magnetic resonance 
imaging. T2-weighted axial section through the seminal vesicles 
(sv) shows them to be convoluted structures of high-signal-inten- 
sity. The convoluted portions of the vasa (arrows) are clearly seen 
as low-signal-intensity structures. 


some radiologists as virtually a necessary study for staging 
prostate cancer, this belief is not universally held. In fact, the 
lack of diagnostic signs that are uniformly accurate in de- 
tecting capsular transgression by tumor, coupled with the 
high cost of the examination, has precluded widespread use 
of MRI in staging prostate cancer. With further develop- 
ment and experience in the evaluation of prostate cancer, 
however, MRI holds promise as a useful staging tool. 


FIGURE 18.32. Seminal vesicle involvement by prostate cancer. 
T2-weighted coronal magnetic resonance image through the 
prostate and seminal vesicles reveals a large, medium-signal tu- 
mor (7) arising from the right side of the prostate and extending 
superiorly into the seminal vesicles. The upper extent of the tu- 
mor is defined by arrowheads. 


The use of a radiolabeled monoclonal antibody 
(capromab pendetide) is currently under evaluation for the 
detection of metastatic prostate cancer to nodes and bone, 
and shows promise for identifying such deposits even 
though other imaging modalities are negative. This tech- 
nique may also prove useful for detecting recurrence of tu- 
mor after treatment. 


Prostatitis 


Inflammatory conditions of the prostate arise from a variety 
of causes. The patient with prostatitis presents with fre- 
quency, urgency, nocturia, dysuria, fever, perineal pain, ure- 
thral discharge, and occasionally sexual dysfunction. In 
acute prostatitis, DRE reveals an exquisitely tender and 
swollen prostate that may be firm or “boggy.” In patients 
with chronic prostatitis, the prostate may be normal to the 
examining finger, asymmetrically hard, or diffusely enlarged 
and slightly tender. 

The etiology of acute prostatitis is bacterial infection. 
The etiology of chronic prostatitis, which commonly occurs 
without any acute episode, can be bacterial, inflammatory, 
or no pathologic lesion may be found (i.e., the patient is 
symptomatic but all investigations are normal). This last 
condition is termed prostatosis and may have a psychogenic 
component. Bacterial prostatitis is more commonly a retro- 
grade infection. Escherichia coli infection accounts for more 
than 80% of bacterial prostatitis, and an additional 15% are 
caused by Klebsiella, Proteus, Pseudomonas, and Enterobacter 
or Gonococcus species. Any of these bacteria may cause acute 
or chronic prostatitis. Granulomatous prostatitis commonly 
results from tuberculosis, coccidiomycosis, histoplasmosis, 
or blastomycosis. 

Clinical diagnosis rests on DRE, culture of prostatic se- 
cretions expressed by digital transrectal massage, and biopsy 
of firm areas in the prostate that remain suspicious for tu- 
mor after appropriate antimicrobial therapy. A high index of 
suspicion for tumor is necessary, because both prostate can- 
cer and prostatitis tend to occur in the peripheral zone. 


Radiology 


Neither the plain film nor the excretory urogram provides 
pathognomonic findings for prostatitis. Prostatic calcifica- 
tion and an enlarged prostate indenting the bladder base are 
more common in prostatic hypertrophy than in prostatitis. 
Transabdominal ultrasound and CT are nondiagnostic. In 
chronic prostatitis, TRUS may demonstrate varying areas of 
altered echogenicity in the bulk of the prostate similar to the 
findings in prostatic hypertrophy (Fig. 18.33). Areas of low 
echogenicity may be seen in the peripheral zone that cannot 
be differentiated from prostatic cancer. Up to 20% of biopsy 
specimens in such cases reveal chronic prostatitis. 

Prostatic abscesses generally demonstrate larger focal ar- 
eas of decreased echogenicity. Combined with the clinical 


FIGURE 18.33. Acute prostatitis. Longitudinal transrectal ultra- 
sound through the prostate shows ill-defined hypoechoic areas 
within the gland. B, bladder; R, rectum. 


presentation, a prostatic abscess may be suspected and 
proven by TRUS-guided aspiration. CT and MRI, while in- 
capable of diagnosing acute or chronic prostatitis, are useful 
in the diagnosis of a prostatic abscess. On CT, the abscess is 
seen as rounded or irregular areas of fluid attenuation (Fig. 
18.34). Care must be taken to carry the examination 
through the urogenital diaphragm because prostatic ab- 
scesses can extend into the base of the penis. On MRI, fluid 
collections within the prostate can be identified on T1- and 
T2-weighted images. Evidence of an old prostatic abscess 
that has sloughed into the urethra (Fig. 18.35) may be 
demonstrated on urethrography as an irregular cavity com- 
municating with the prostatic urethra. 


FIGURE 18.34. Prostatic abscess. Computed tomography 
through the prostate shows an area of low attenuation (arrow). 
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FIGURE 18.35. Prostatic abscess drained into prostatic urethra. 
Retrograde urethrogram reveals opacification of an old abscess 
cavity (ac) adjacent to the prostatic urethra. The abscess was un- 
roofed transurethrally. The mild concentric narrowing of the 
proximal bulbar urethra (arrows) is the musculus compressor 
nuda. 


Prostatic Calcification 


The peripheral zone of the prostate is the seat of the corpora 
amylacea, where calcifications with no known etiology and 
without pathologic effects tend to occur. These calcifica- 
tions are discrete, vary in size from 1 to 5 mm, and are usu- 
ally multiple. Rarely, these calcifications may erode into a 
prostatic duct and be passed through the urethra. Corpora 
amylaceous calcifications are calcium phosphate (apatite). 

Prostatic calcification also occurs in areas of necrosis that 
may develop in adenomata, carcinoma, granulomatous pro- 
statitis, or after radiation therapy. Calcification occurs in 
7% to 10% of patients with prostatic adenomata. In pro- 
static adenomatous calcification, the only distinguishing 
feature from corpora amylacea calcification is the position, 
seen on plain-film radiography. Adenomatous calcification 
is commonly seen above the symphysis pubis, whereas cor- 
pora amylacea calcification is seen in the normal prostate 
position behind or below the pubic symphysis. Calcification 
in prostatic carcinoma occurs with about the same fre- 
quency as in BPH, and is therefore not a good differentiat- 
ing factor between benign and malignant disease. Most of 
the calcifications seen in the prostate in patients with carci- 
noma are in corpora amylacea. In a small number of carci- 
nomas, necrotic calcification is seen. 

Granulomatous prostatitis resulting from tuberculosis 
may cause significant calcification. Calcifications may be 
small, or the entire prostate may be calcified. Schistosomal 
calcification of the prostate is extremely rare, although 
Schistosoma hematobium is a very destructive lesion in the 
prostate and urethra. Up to 15% of abacterial granuloma- 
tous prostatitis shows dystrophic calcification. 
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Radiology 


Plain-film examination is useful in assessing prostatic calcifi- 
cation. These calcifications, usually stippled and lying behind 
or above the pubic symphysis are seen on 15% to 30% of ab- 
dominal radiographs in men older than 50 years of age. To 
this end, the abdominal radiograph should include the entire 
pubic symphysis. Prostate calcification may be difficult to see 
because corpora amylacea calcification tends to occur in a rel- 
atively normal-sized prostate, and therefore, may overlie the 
pubic symphysis. Dystrophic calcification such as tuberculous 
granulomatous calcification is usually well visualized on plain- 
film radiography because it is more extensive (Fig. 18.36). 
This is rarely seen in young patients. Excretory urography is 
useful in assessing bladder indentation by calcified prostatic 
adenomata (Fig. 18.37). Transabdominal ultrasound shows 
calcification within the prostate as bright echoes producing 
acoustic shadowing if the calcific foci are large enough (Fig. 
18.38). CT is more accurate in showing faint calcification 
(Fig. 18.39) not apparent on plain-film radiography or trans- 
abdominal ultrasound; these calcifications may be seen on CT 
in up to 60% of men older than 50 years of age. 


Seminal Vesicles 


Symptoms caused by seminal vesicle disease often are 
difficult to differentiate from those related to prostatic ab- 
normalities. Patients frequently complain of painful ejacula- 


FIGURE 18.36. Plain-film radiography in a patient with known 
pulmonary and renal tuberculosis. The prostate is almost com- 
pletely calcified due to tuberculous granulomatous prostatitis. 
Calcification also is seen in the epdidymides bilaterally (arrows) 
from tuberculous epidydimitis. (From McCallum RW, Colapinto V. 
Urological radiology of the adult male lower urinary tract. 
Springfield, IL: Charles C Thomas, 1976:80, with permission.) 


FIGURE 18.37. Excretory urogram in a patient with a large me- 
dian lobe adenoma contains dystrophic calcification. (From 
Pollack HM, ed. Clinical urography. Philadelphia: WB Saunders, 
1990:1906, with permission.) 


tion, bloody semen (hematospermia), perineal or suprapu- 
bic pain, and infertility. 

The seminal vesicles are paired structures located imme- 
diately posterior to the bladder and just above the prostate. 
Conditions affecting the seminal vesicles include calculi, 
cysts, inflammation, infection, and neoplasms. 


Radiology 


The seminal vesicles are best imaged by TRUS, CT, or 
MRI. Seminal vesicle stones, while uncommon, are usually 


FIGURE 18.38. Transabdominal ultrasound showing the urine 
filled bladder (B) and the prostate posteriorly, containing several 
calcifications (arrowhead) producing acoustic shadowing (small 
arrowheads). (From Pollack HM, ed. Clinical urography. 
Philadelphia: WB Saunders, 1990:1911, with permission.) 


FIGURE 18.39. Computed tomography through the prostate (P) 
shows a single punctate calcification (arrow). R, rectum. 
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opaque and are related to stone disease elsewhere in the uri- 
nary tract or ectopic insertion of a ureter into the ipsilateral 
seminal vesicle. Stone size may range from tiny to several 
centimeters in diameter; they may be single or multiple. 
Ultrasound shows typical acoustic shadowing if the stones 
are large enough, and on CT the calculi are easily identified 
as such because of their high attenuation (> 150 Hounsfield 
units [HU]). Stone disease should not be confused with wall 
calcification that can be found in the seminal vesicles in di- 
abetic men. Smaller stones may become impacted in the 
duct from the seminal vesicle or the ejaculatory duct and 
may result in pain and hematospermia. 

Seminal vesicle cysts are uncommon. In at least two- 
thirds of patients with a congenital seminal vesicle cyst, 
there is associated ipsilateral renal agenesis. Rarely, a small 
dysplastic kidney with its ureter ectopically inserting into 
the ipsilateral seminal vesicle may be the etiology of cystic 
dilation of that seminal vesicle. Therefore, when a seminal 
vesicle cyst is identified, imaging of the kidneys should be 
mandatory (Fig. 18.40). Acquired cysts can occur in the 
seminal vesicles secondary to obstruction or inflammation. 


FIGURE 18.40. Seminal vesicle cyst. A: A mass is seen indenting 
the bladder on this excretory urogram, which also revealed ab- 
sence of the left kidney. B: Ultrasound demonstrates a cystic 
mass protruding into the bladder lumen. C: The seminal vesicle 
cyst is opacified after injection of the left vas deferens. 
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FIGURE 18.41. Left seminal vesicle cyst. Computed tomography 
shows a cystic structure (c) behind the bladder (b) and just to the 
left of midline. Computed tomography through the upper ab- 
domen proved left renal agenesis associated with this congenital 
left seminal vesicle cyst. 


Congenital or acquired cysts may become quite large and 
may indent the bladder posteriorly. There are no imaging 
characteristics that differentiate congenital from acquired 
cysts. Either type of cyst can have water density (Fig. 18.41) 
or a thick wall. Hemorrhage into the lumen of the cyst may 
result in a solid appearance on CT. Ultrasound will exhibit 
specious echoes or dependent debris in hemorrhagic cysts. 
MRI will typically show a high-signal-intensity of a hemor- 
rhagic cyst on both T1- and T2-weighted images. 

Isolated infection of the seminal vesicles is rare. 
Conversely, seminal vesiculitis in conjunction with prostati- 
tis is common. Imaging findings in such cases are usually 
nonspecific. Even when frank abscess has formed, the ap- 
pearance on imaging studies is similar to noninfected cysts. 
In such cases, fever and leukocytosis favor the diagnosis of 
abscess. Seminal vesicle tuberculosis can result from primary 
involvement of the genital tract, or may result from de- 
scending infection in the urine after hematogenous spread 
of the disease to the kidneys. Imaging findings are relatively 
nonspecific, including thickening of the walls, cystic dila- 
tion, and irregularity of the seminal vesicles. Calcification 
may occur with end-stage disease. 

Primary neoplasms of the seminal vesicles are extremely 
rare. The most common cause of neoplastic involvement is 
direct invasion of the seminal vesicles by prostate cancer. 
Rectal and bladder cancers also can secondarily involve the 
seminal vesicles. 
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NORMAL MALE URETHRA 


Although the normal anatomy of the male urethra has been 
described in Chapter 1, a brief review of urethral anatomy as 
defined by radiographic landmarks is in order before dis- 
cussing urethral strictures and tumors. During dynamic ret- 
rograde urethrography (see Chapter 3), the entire urethra can 
be visualized (Fig. 19.1). If properly performed, contrast 
medium can be seen jetting through the bladder neck into the 
bladder. The verumontanum is seen as an ovoid filling defect 
in the posterior (prostatic) urethra. The distal end of the veru- 
montanum marks the proximal boundary of the membra- 
nous urethra. The distal boundary of the membranous ure- 
thra is the conical tip of the bulbar urethra. The membranous 
urethra is approximately 1 cm in length and is that portion of 
the urethra that passes through the urogenital diaphragm. 
This also is the region of the external sphincter of the urethra. 
The anterior urethra extends from its junction with the mem- 
branous urethra to the urethral meatus. It is divided into the 
bulbar (most dependent) segment and the penile or pendu- 
lous segment. There usually is mild angulation of the urethra 
where these two segments join at the penoscrotal junction. 
On voiding studies, the bladder neck opens widely and 
becomes funnel-shaped. While the verumontanum usually 
still can be seen, the proximal bulbar urethra has less of a 
conical appearance. However, the membranous urethra re- 


mains the narrowest segment between these parts of the ure- 
thra, although it may dilate up to 6 or 7 mm in diameter 
during voiding. 

The landmarks of the membranous urethra must be rec- 
ognized, so that it can be accurately located on retrograde or 
voiding studies. 


MEMBRANOUS URETHRA LANDMARKS 


a Proximal: Distal end of verumontanum 
m Distal: Conical tip of bulbar urethra 


If the membranous urethra can be identified, it will not 
be confused for a stricture. Narrowing elsewhere in the ure- 
thra will be defined clearly as separate from the membranous 
urethra, and therefore, most likely representative of a patho- 
logic stricture (Fig. 19.2). 


ACQUIRED URETHRAL STRICTURES IN MEN 


Gonorrhea 


Gonorrhea is a sexually transmitted disease more prevalent 
in underdeveloped countries where low hygienic standards 


Chapter 19: Urethra and Penis 415 


FIGURE 19.1. Normal male urethra. A: Dynamic retrograde urethrogram shows opacification of 
the entire urethra. Contrast can be seen jetting through the closed bladder neck (bn). The veru- 
montanum (black arrow) is an ovoid filling defect in the prostatic urethra. The membranous ure- 
thra (white arrow) lies between the distal end of the verumontanum and the conical tip of the 
bulbous urethra. The mild angulation in the anterior urethra (open arrow) is the penoscrotal junc- 
tion, dividing the bulbar and penile urethral segments. B: Voiding urethrogram in same patient 
shows funneling of the bladder neck (bn). The verumontanum is still clearly seen as a mound of 
tissue in the prostatic urethra. The membranous urethra is the narrow junction between the pro- 
static urethra and the bulbar urethra. Note that the membranous urethra is significantly wider 
during voiding. (From Amis ES Jr, Newhouse JH. Essentials of uroradiology. Boston: Little, Brown 


and Company, 1991:336, with permission.) 


prevail; sexual promiscuity is a major contributing factor. 
The estimated number of cases of gonorrhea in North 
America in 1974 reached 2.7 million. Since the early 1980s, 
sexual promiscuity has decreased because of fear of acquired 


FIGURE 19.2. Proximal bulbar stricture. Retrograde urethro- 
gram reveals a moderately smooth tapered stricture (s) of the 
proximal bulbar urethra. The glands of Littré are opacified (ar- 
rowheads) as is one of Cowper's ducts (arrows). The membranous 
urethra (mu) can be defined clearly by the distal end of the veru- 
montanum (v) and the cone of the bulbar urethra (cb). 


immunodeficiency syndrome (AIDS), and the incidence of 
gonorrhea also has decreased. The estimated number of 
cases of gonorrhea in North America in 1985 was 1.8 mil- 
lion. Adequate early antibiotic treatment of gonorrhea erad- 
icates the disease without sequelae. No treatment or inade- 
quate treatment results in a chronic inflammatory reaction 
that can cause a urethral stricture. 

Approximately 40% of all urethral strictures in the 
United States are caused by gonorrhea, while the remainder 
are caused by other diseases such as chlamydia or my- 
coplasma, tuberculosis, schistosomiasis, tumor, trauma, or 
iatrogenic injury. 

Gonococcus ascends the anterior urethra after sexual con- 
tact with an infected partner, affecting the columnar epithe- 
lial cells, which become congested. The submucosal glands 
of Littré, which line the anterior urethra and have a lubri- 
cating function, become infected and produce a thick, pu- 
rulent urethral discharge within 48 hours after exposure. 
Without adequate treatment, the infection extends into the 
corpus spongiosum surrounding the anterior urethra, re- 
sulting in venous thrombosis and surrounding tissue necro- 
sis. Granulation tissue develops where columnar cells have 
desquamated and sloughed. The combination of necrosis 
and granulation develops into fibrous scarring that is more 
prominent in the bulbar urethra, owing to less effective 
flushing by urination and the preponderance of glands of 
Littré in this area. Over a period of months or years, the 
scarring becomes irregular. Some scarring is hard fibrous tis- 
sue that is difficult to dilate, whereas other scarring is softer 
and more easily dilated. Gonococcal scarring or stricture 
typically is several centimeters long, and 70% of the hard 
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fibrous scars are present in the most dependent portion of 
the bulbous urethra. Surgical or radiologic intervention usu- 
ally is required to alleviate obstructive symptoms secondary 
to such strictures. 

Infection may spread for several centimeters proximal 
and distal to the hard fibrous scar, producing further scar- 
ring that is not as advanced as the initial site and is conse- 
quently softer. The proximal spread of the infection may ex- 
tend as far as the membranous urethra, but the obstructive 
symptoms, including straining to void, weak stream, and a 
feeling of incomplete emptying of the bladder, are caused by 
the hard scarring in the bulbar urethra. This is the primary 
stricture, and the adjacent softer scars are secondary stric- 
tures. The hydrostatic pressure in the urethra during void- 
ing is quite high proximal to hard scarring, resulting in dila- 
tion of the urethra proximal to the scar. At least some of this 
dilation occurs in areas of softer proximal scarring (Fig. 
19.3). 

Pseudodiverticulum formation results from a gonococcal 
periurethral abscess that eventually ruptures into the ure- 
thra, leaving a cavity. The majority of pseudodiverticula af- 
fect the inferior aspect of the urethra, but they can occur an- 
teriorly in the region of the penoscrotal junction. They vary 
in size from small (approximately 1 cm) to huge (up to 10 
cm) (Fig. 19.4). 

Occasionally, a periurethral abscess is large enough to ex- 
tend to the perineum and penetrate both into the urethra 
and through the perineum, creating a urethrocutaneous fis- 


FIGURE 19.4. Dynamic retrograde urethrogram in a patient 
with two diverticula (one large) extending posteroinferiorly from 
the bulbomembranous urethra. 


tula. It is not unusual for multiple fistulae to form. 
Consequently, urination usually occurs through the perineal 
fistulae, resulting in the so-called “watering can perineum.” 
While this clinical finding can occur as a rare complication 
of gonorrhea, it is more typical of tuberculosis or schistoso- 
miasis. The abscess cavity resulting in the fistula generally 
contracts by fibrosis leaving only the narrow fistulous tract 
from the urethra to the perineum (Fig. 19.5). 

High intraurethral pressure proximal to a stricture not 
only results in dilation of the urethra, but also can cause re- 


FIGURE 19.3. A: Dynamic retrograde urethrogram in a patient who had a previous anterior ure- 
throplasty for gonococcal stricture and developed outlet obstruction 2 years after urethroplasty. 
Note recurrent hard scar (HS) in the proximal bulbous urethra. Abnormal irregular narrowed cone 
of the proximal bulbous urethra (CB) indicates scarring which extends into the membranous ure- 
thra (MU). B: Same patient voiding. Note marked dilatation of urethra from bladder neck to hard 
scar. The soft scarring in the membranous urethra (MU) is markedly dilated as a result of the high 
hydrostatic back-pressure produced by the hard scar in the proximal bulbous urethra. 


FIGURE 19.5. Dynamic retrograde urethrogram showing irregu- 
lar scarring in the bulbous urethra with a fistula (arrow) extend- 
ing from the bulbous urethra to the perineum. 


flux of urine into the prostatic ducts. Ostia for these ducts, 
30 to 40 in number, are found in the floor of the prostatic 
urethra around the verumontanum. This reflux may be mas- 
sive and may allow infection to enter the prostate, poten- 
tially resulting in a prostatic abscess or formation of multi- 
ple prostatic calculi (Fig. 19.6). As with other causes of 
bladder outlet obstruction, the pressure necessary to urinate 
through a hard stricture may be high enough to result in hy- 
pertrophy of the detrusor muscle of the bladder, leading to 
trabeculation and diverticulum formation. In some cases, 
vesicoureteral reflux occurs, with eventual dilation of the 


al 
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one or both upper urinary tracts. Residual urine in the blad- 
der can result in recurrent infections and stone formation. 

Dynamic retrograde urethrography is the most effica- 
cious way of imaging gonococcal strictures and commonly 
shows several centimeters of irregular urethral narrowing. 
The stricture may be smooth or have a beaded appearance 
(Fig. 19.7). While the bulbar urethra is the most common 
area of occurrence, gonorrheal strictures may occur any- 
where in the anterior urethra or may even involve the entire 
anterior urethra. It is not unusual to see small collections of 
contrast along the dorsum of the urethra in an area of post- 
inflammatory stricturing; these are dilated glands of Littré. 
If the disease has spread proximally to the membranous ure- 
thra, the normal cone shape of the proximal bulbous urethra 
becomes asymmetric and narrowed, giving an elongated ap- 
pearance to the membranous urethra (Fig. 19.8). 
Abnormality of the normal convex cone shape of the proxi- 
mal bulbous urethra indicates scarring extending into the 
membranous urethra. This radiologic finding is of prime 
importance to the urologist, because surgical treatment may 
involve cutting the scar tissue and consequently the distal 
sphincter, which can result in iatrogenic incontinence. The 
verumontanum almost always can be seen on the dynamic 
retrograde urethrogram. If the cone of the bulbous urethra 
is distorted, resulting in loss of the distal landmark for iden- 
tifying the membranous urethra, its location can be inferred 
to be just below the distal end of the verumontanum. 

A voiding cystourethrogram may occasionally be of use 
in defining the proximal extent of a urethral stricture, as- 


FIGURE 19.6. A: Dynamic retrograde urethrogram showing grossly abnormal cone of proximal 
bulbous urethra indicating scarring extends into the membranous urethra. Marked reflux of con- 
trast medium into dilated open prostatic ducts indicating previous prostatitis and outlet obstruc- 
tion. B: The same patient voiding. There is marked paradoxical dilatation with increased reflux 


into the prostatic ducts. 


418 Textbook of Uroradiology 


FIGURE 19.7. Gonococcal stricture. Retrograde urethrogram 
shows an irregular, beaded stricture involving the pendulous ure- 
thra and dista! two thirds of the bulbar urethra. The conical tip of 
the bulbar urethra is preserved and the verumontanum (v) can be 
clearly seen allowing easy identification of the membranous ure- 
thra. Cowper's duct is opacified (arrow) and reflux can be seen 
into the prostate. 


suming a catheter can be passed through the stricture to al- 
low filling of the bladder with contrast medium. An 8- 
French pediatric feeding tube may be useful in passing some 
strictures. The presence of a urethral stricture may alter the 
bladder capacity. In men with urethral stricture, the bladder 
capacity may increase to 1,000 mL before the urge to void is 
felt. It usually is a mistake to remove the catheter for void- 
ing when the patient first indicates that he is ready to void; 
he may not void after catheter removal, resulting in lost time 
and necessitating reinsertion of the catheter. Rather, it is 
wise to instill a further 50 to 100 mL of contrast medium 
into the bladder after the patient indicates he is ready to 
void. This usually results in an immediate and good voiding 
study. 

In the presence of a gonococcal stricture, the voiding 
study usually shows dilation of the proximal urethra (Fig. 
19.9). The dilation may include the membranous urethra, 
even when the dynamic retrograde study indicates scarring 
extending into the membranous urethra. Dilation of a 
scarred membranous urethra indicates softer scarring in the 
membranous urethra than the hard scarring in the bulbous 
urethra. 

The dynamic retrograde and voiding examinations also 
may indicate other complications of gonococcal urethral 
stricture. Reflux into prostatic ducts or bulbourethral 
(Cowper’s) ducts, as well as the development of bladder tra- 
beculation and diverticula are common findings. Reflux 
into the ejaculatory ducts, seminal vesicles, and vasa defer- 


FIGURE 19.8. Dynamic retrograde urethrogram showing infec- 
tious scarring in the bulbous urethra, marked hard scarring in the 
proximal bulbous urethra, abnormal cone of the proximal bul- 
bous urethra indicating scarring extends into the membranous 
urethra. (From Putman CE, Ravin CE. Textbook of diagnostic 
imaging. Philadelphia: WB Saunders, 1989:1354, with permission.) 


entia is uncommon (Fig. 19.10), as is reflux into the pro- 
static utricle, which may be dilated (Fig. 19.11). 

Recent literature has emphasized the use of ultrasound in 
the assessment of urethral disease. While ultrasound can 
give adequate information regarding scarring in the anterior 
urethra, this procedure is unlikely to indicate bulbous ure- 
thral scarring extending into the membranous urethra. The 
assessment of bulbous urethral scarring extending into the 
membranous urethra is essential for the urologist in the de- 
cision regarding operative procedure. Consequently, it ap- 
pears that dynamic retrograde urethrography is of more 
value than ultrasound, because the urologist gains more in- 
formation on the need for a transsphincter urethroplasty. 


Tuberculosis 


Tuberculous stricture of the urethra is rare without evidence 
of tuberculous involvement of the prostate. Usually, genital 
tuberculosis is a descending infection and renal tuberculosis 
is evident. However, in some patients with genital tubercu- 
losis, the kidneys are normal, indicating the possibility of 
hematogenous spread directly to the urethra. The prostate is 
involved in 70% of patients with genital tuberculosis. 
Prostatic abscesses may rupture into any surrounding struc- 
ture, resulting in prostatorectal and prostatoperineal fistulae 
and sinus tracts extending from the posterior urethra. 
Tuberculous epididymitis and scrotal abscess with fistula 
formation also may be seen with genital tuberculosis, but 
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FIGURE 19.9. A: Dynamic retrograde urethrogram showing hard scar in mid-bulbous urethra 
(HS). Contrast medium also outlines Cowper’s duct (CD). Closed bladder neck is indicated (black 
arrow). B: The same patient voiding. Note that the bladder neck is open. The urethra is dilated 
down to the hard scar in the mid-bulbous urethra. 


less than 4% of cases have urethral involvement. When ure- associated with multiple prostatocutaneous and urethrocu- 
thral infection occurs, stricturing is followed by periurethral taneous fistulae, as well as blind-ending sinus tracts extend- 
abscesses, producing numerous perineal and scrotal fistulae. ing from the urethra. It may not be possible to visualize the 
The end result is the watering-can perineum. entire urethra by standard means if most of the contrast 

Dynamic retrograde urethrography and voiding cys- medium exits the urethra through the perineal fistulae. It 
tourethrography typically show an anterior urethral stricture may then be necessary to insert catheters into the perineal 


FIGURE 19.10. Dynamic retrograde urethrogram showing bul- FIGURE 19.11. Dynamic retrograde urethrogram in a patient 
bomembranous stricture and reflux into ejaculatory duct, semi- with multiple anterior urethral strictures. A dilated prostatic utri- 
nal vesicle, and vas deferens. cle (U) is arising from the verumontanum. 
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fistulae and to inject the fistulae and urethra at the same 
time to obtain a satisfactory study (Fig. 19.12). 


Schistosomiasis 


Schistosoma haematobium is the parasite that involves the 
urinary tract; the life cycle involved is discussed in detail in 
Chapter 17. In this disease, multiple fistulae develop be- 
tween the urethra and the suprapubic area, the perineum, 
and the scrotum. Unlike tuberculosis, in which urethral 
stricture precedes fistula formation, in schistosomiasis, ure- 
thral strictures result from fistulous tract formation. These 
strictures are most common in the bulbous urethra. In pa- 
tients who have had schistosomal fistulae for more than 4 
years, virtually all develop urethral strictures. Radiographic 
study is the same as described for tuberculous urethral dis- 
ease. 


latrogenic Injury 
Instrument Strictures in Men 


The initial insult to the urethra in iatrogenic stricturing is 
pressure necrosis resulting from the passage of a straight 
metallic instrument along an S-shaped urethra that is fixed 
at two points. These points of relative fixation are the peno- 
scrotal junction, where angulation is caused by the suspen- 
sory ligament of the penis, and the membranous urethra, 
which is fixed by the urogenital diaphragm. When a 
straight, rigid instrument is passed along the urethra, a ful- 
crum is created at the penoscrotal junction; a second ful- 
crum is present at the bulbomembranous urethra. If the in- 
strument is of large diameter, is left in the urethra for too 


long, or is moved in the urethra without appropriate lubri- 
cation, pressure necrosis can occur, resulting in tissue necro- 
sis, scar formation, and subsequent stricturing. 


IATROGENIC STRICTURES 


m Membranous urethra 
m Penoscrotal junction 


The most common instrument to cause such urethral 
damage is the resectoscope used in transurethral resection 
for prostatic hypertrophy. The incidence of urethral stric- 
ture after transurethral resection of the prostate (TURP) has 
been reported to be as high as 14%, and urethral contour ir- 
regularities or serrations are seen postoperatively in up to 
30% of patients. However, meticulous technique results in 
a much lower complication rate. Strictures arising from in- 
strumentation are short and well-defined. The majority of 
instrument-related strictures occur in the bulbomembra- 
nous region (Fig. 19.13), and less than 20% occur at the 
penoscrotal junction (Fig. 19.14). 


Catheter Strictures 


Indwelling urethral catheters may cause pressure necrosis at 
the fixed points of the urethra and almost invariably cause 
infection if the catheter is left in position for more than a 
few days. The catheter causes pressure necrosis if it is too 
large for the urethra or if the catheter is allowed to dangle 
from the penis, draining into a bag strapped to the lower 


FIGURE 19.12. A: A plain film in a patient with known pulmonary and renal tuberculosis. The 
prostate gland is almost completely calcified. B: Same patient. Dynamic retrograde urethrogram 
with injection of contrast medium into the catheter (arrow) in the fossa navicularis shows a per- 
ineal fistula. A second catheter (curved arrow) is inserted into the perineal fistula orifice. Injection 
of both catheters simultaneously outlines a urethro-perineal abscess cavity and scarred urethra. 


Calcification is seen in the epididymis (arrowhead). 


FIGURE 19.13. Instrument stricture: posttransurethral resection 
of the prostate. Dynamic retrograde urethrogram shows a short 
tight instrument stricture (arrow) in the bulbous urethra near the 
membranous urethra. 


thigh. Penoscrotal junction pressure necrosis from catheter- 
ization usually can be avoided if the catheter is taped to the 
anterior abdominal wall, thus removing the bend at the 
penoscrotal junction. 

Occasionally, catheter material (rubber, latex, plastic, 


FIGURE 19.14. Instrument stricture: posttransurethral resection 
of the prostate. Dynamic retrograde urethrogram shows a short 
tight instrument stricture (arrow) at the penoscrotal junction. 
Note resected prostatic bed. The cone of the bulbous urethra is 
elongated and narrowed suggesting bulbomembranous urethral 
scarring. 
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FIGURE 19.15. Catheter stricture: dynamic retrograde urethro- 
gram 1 year following abdominal operation requiring 7 days of 
bladder catheterization. The penile and distal bulbous urethra is 
markedly narrowed and irregular—most marked at the peno- 
scrotal junction. Glands of Littré are visualized. 


Teflon, silicone) may evoke an inflammatory response that 
may lead to a superimposed infection. With long-term in- 
dwelling catheters, a diffuse urethritis is almost unavoidable. 
This superimposed infection spreads along the urethra in- 
volving the glands of Littré and extending into the submu- 
cosal tissues and corpus spongiosum. Urethrography typi- 
cally reveals long and irregular strictures, often with 
visualization of the glands of Littré (Fig. 19.15). Clinical 
history is necessary to differentiate between previous gonor- 
rhea or catheterization as the etiology of the stricture. 
Catheter strictures affecting the bulbomembranous urethra 
cause irregularity and asymmetry of the cone of the proxi- 
mal bulbous urethra. The glands of Littré are not visualized 
because they are sparse in the most dependent portion of the 
bulbous urethra. One study reported that 12% of patients 
who had indwelling urethral catheters during recovery from 
major surgery subsequently developed urethral strictures. 


PERIURETHRAL ABSCESS 


Periurethral abscesses arise when a gland of Littré becomes 
obstructed by inspissated pus or fibrosis. Because the tunica 
albuginea resists the dorsal spread of infection, the abscess 
tracks ventrally into the corpus spongiosum, where it is con- 
fined by Buck’s fascia. The abscess may spread into the an- 
terior abdominal wall, thighs, or buttocks if Buck’s fascia is 
perforated. 

Scrotal swelling and fever are the most common present- 
ing complaints. Occasionally the abscess may occlude the 
urethra, causing urinary retention. Most patients have a his- 
tory of urethral strictures and many are associated with re- 
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FIGURE 19.16. Condylomata acuminata. A: Multiple filling defects are seen in the anterior ure- 
thra. B: After treatment with podophyllin, there is complete clearing of the urethra. 


cent urethral instrumentation or catheterization. The most 
common infecting organisms are gram-negative rods, ente- 
rococci, and anaerobes. 

If the abscess drains into the urethra, it may be demon- 
strated by urethrography (see Fig. 19.4). Edema and fluid 
collections may be recognized by computed tomography 
(CT) or ultrasound. 

Approximately 10% of periurethral abscesses drain spon- 
taneously. Percutaneous aspiration and catheter drainage 
may be performed, usually through the perineal route. 


CONDYLOMA ACUMINATA 


Condylomata acuminata (venereal warts) is a viral infection 
that usually produces sessile squamous papillomas on the 
glans and shaft of the penis and on the prepuce. 
Occasionally, these warts spread along the urethra (Fig. 
19.16) and may even reach the bladder (Fig. 19.17). 
Urethral involvement is a serious complication and may re- 
quire numerous treatment sessions with the instillation of 


FIGURE 19.17. Diffuse condyloma acuminata of urethra extend- 
ing into bladder. 


podophyllin, thiotepa, or 5-fluorouracil into the urethra. If 
urethral involvement is suspected clinically, the patient 
should not have any urethral instrumentation or catheteri- 
zation because of the possibility of retrograde seeding, 
Retrograde urethrography should not be performed for the 
same reason. The diagnostic procedure of choice is voiding 
cystourethrography at the end of an excretory urogram. The 
urethrographic study shows characteristic multiple frond- 
like papillary filling defects in the area of involvement. 
Occasionally only isolated filling defects are seen in the pe- 
nile urethra. 


URETHRAL AMYLOIDOSIS 


Primary amyloidosis is a rare disease characterized by masses 
of extacellular, fibrillar, hyaline tissue. Patients with urethral 
amyloidosis may present with hematuria, pain, or symp- 
toms related to obstruction of voiding. The radiographic ap- 
pearance is of irregular narrowing of the bulbar or penile 
urethra. This is similar to the appearance of squamous cell 
carcinoma though malignant tumors more commonly in- 
volve the bulbar than penile urethra. The presence of punc- 
tate or linear calcification suggests amyloidosis. 


COWPER’S SYRINGOCELE 


Cowper’s glands are paired bulbourethral glands that lie 
dorsal to the membraneous urethra. They communicate 
with the bulbar urethra through Cowper’s ducts. Dilation 
of Cowper’s duct is termed a syringocele, which may or 
may not communicate with the urethra. 

Cowper's syringoceles often are asymptomatic and usu- 
ally are found in children. Two cases presenting as young 
adults have been reported. When symptomatic, patients 
complain of mild irritation or obstructive symptoms. 


Retrograde urethrography is the best method of imaging 
syringoceles that communicate with the urethra, though 
they may occasionally be seen on voiding urethrography. 


URETHRAL TUMORS 
Benign Tumors 


Benign tumors of the urethra are very rare. They may be of 
epithelial or mesenchymal origin. They present as filling de- 
fects and usually require biopsy to establish the correct di- 
agnosis. 


Malignant Tumors 


Malignant tumors of the urethra are rare and are almost all 
of epithelial origin. The most common urethral carcinomas 
are squamous cell carcinoma and transitional cell carcinoma 
(TCC). Adenocarcinoma is rare and develops in Skene’s 
glands in women and in Cowper’s gland or duct or the 
glands of Littré in men. Leiomyosarcoma, malignant 
melanoma, and urethral metastases have been reported, but 
are exceedingly rare. Malignant urethral tumors are twice as 
common in the female urethra than in the male urethra. In 
both men and women, carcinoma of the urethra usually oc- 
curs after 50 years of age. 


Malignancy of the Male Urethra 
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Approximately 80% of male urethral carcinomas are 
squamous cell tumors that occur almost exclusively in the 
anterior urethra. Fifteen percent are TCCs and usually are 
found in the prostatic urethra. The remainder are adenocar- 
cinomas or undifferentiated carcinomas. Fewer than 500 
cases of urethral carcinoma in men have been reported. 

Squamous cell carcinoma is associated with previous ure- 
thral stricture in up to 75% of cases. Chronic irritation pro- 
ducing squamous metaplasia in a preexisting urethral stric- 
ture is common, and therefore, the tumor most often is seen 
in the bulbomembranous region. Approximately 50% are 
associated with urethral stricture because of previous exter- 
nal or iatrogenic trauma. Consequently, any condition that 
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may result in urethral stricture should be considered a pre- 
disposing factor to squamous cell carcinoma. These include 
gonococcal urethritis, long-term urethral catheterization, 
and urethral trauma. The diagnosis often is difficult and un- 
suspected. Excess bleeding after stricture dilatation, or the 
development of perineal fistula (Figs. 19.18 and 19.19) ora 
palpable hard mass in the bulbar region are all clues to the 
development of squamous cell carcinoma. The incidence of 
squamous cell carcinoma after successful urethroplasty for 
stricture is low, only a few such cases having been reported. 
While successful urethroplasty appears to reduce the inci- 
dence of squamous cell carcinoma of the urethra, failure of 
urethroplasty should lead to consideration of biopsy of the 
recurrent strictured area to exclude carcinoma. 

Spontaneous squamous cell carcinoma in patients with- 
out previous history of urethral disease or trauma is thought 
to arise in rests of squamous cell epithelium within the nor- 
mal stratified columnar epithelium. 

TCC tends to occur in the prostatic urethra (Fig. 19.20), 
but can be found elsewhere in the urethra. The multicentric 
origin of TCC in the urinary tract may account for some oc- 
currences in the prostatic urethra. In some patients, TCC is 
found in the posterior urethra as a direct extension of tumor 
in the bladder base or in the region of the bladder neck. Yet 
another possibility is seeding of malignant transitional cells 
from elsewhere in the urinary tract to the prostatic urethra, 
especially by instrumentation. TCC of the anterior urethra 
has been associated with carcinoma of the bladder and prob- 
ably represents “drop” metastases. 

Patients with urethral carcinoma may present with ob- 
structive symptoms, serosanguineous discharge, perineal fis- 
tula, periurethral abscess, or palpable mass in the perineum 
or along the shaft of the urethra. Obstructive symptoms are 
most common, occurring in approximately 60% of patients. 

Radiographically, urethral tumors may have varied pre- 
sentations. When associated with existing strictures, neo- 
plastic change typically produces more narrowing and 
grossly irregular margins of the stricture. Such changes 
should lead to a high suspicion for tumor. In the absence of 
an existing stricture, urethral neoplasms may present as a de 
novo stricture or as a filling defect in the urethra (Fig. 
19.21); in either case, obstructive changes consisting of di- 
lation and possibly extravasation into prostatic ducts may be 
seen proximal to the tumor. Early tumors may be detected 
as small mucosal nodules without proximal urethral dila- 
tion. 

Secondary tumors of the male urethra are uncommon. 
Bladder TCC may be spread to the anterior urethra by seed- 
ing during urethral instrumentation or at the time of cys- 
tectomy; these are usually seen as multiple small mucosal 
nodules during urethrography (Fig. 19.22). Contiguous 
spread of carcinoma of the prostate (Fig. 19.23), rectum, 
spermatic cord, and testis may involve the corpus spongio- 
sum, causing extensive urethral narrowing and irregularity. 
Erosion into the urethra from metastases to the corpus 


424 Textbook of Uroradiology 


B 


FIGURE 19.18. Urethral carcinoma. A: Voiding cystourethrogram in a patient who had previous 
urethroplasty for proximal bulbous urethral stricture. The stricture has recurred and proximal di- 
latation is present. No biopsy was performed at this time. B: The same patient 1 year later. The 
patient had a perineal mass and fistula. The retrograde urethrogram shows the perineal fistula 
with a fixed mass producing a scalloped appearance in the bulbous urethra at the site of origin of 
the fistula. (From McCallum RW, Colapinto V. Urological radiology of the adult lower urinary 
tract. Springfield, IL: Charles C Thomas, 1976:11, with permission.) 


FIGURE 19.19. Squamous cell carcinoma. A spontaneous per- FIGURE 19.20. Transitional cell carcinoma. A filling defect is 
ineal fistula was the presenting complaint in this man with ure- seen (arrow) in the membraneous urethra. Note contrast in the 


thral carcinoma. 


proximal prostatic urethra (open arrow) from prior transurethral 
resection of the prostate. 
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FIGURE 19.21. Squamous cell carcinoma arising de novo in the FIGURE 19.23. Contiguous spread of carcinoma of prostate into 
bulbar urethra. Voiding study performed via suprapubic tube urethra. Multiple filling defects are appreciated in the bulbous 
shows the tumor (arrows) as a large filling defect in the bulbar and membranous portions of the urethra. 

urethra. There is gross dilation of the urethra proximal to the tu- 

mor. (From Amis ES Jr, Newhouse JH. Essentials of uroradiology. 


Boston: Little, Brown and Company, 1991:338, with permission.) Seance Poe less than t% of genitourinary malignancies. 
Ninety-two percent of female malignant urethral tumors are 
carcinomas, of which 74% are squamous cell carcinomas 
and 16% are adenocarcinomas. The remainder are TCCs, 
undifferentiated carcinomas, or an extremely rare mucinous 
adenocarcinoma. Other malignancies reported in the female 


spongiosum may produce urethral irregularities (Fig. 
19.24), although hematogenous metastases to the corpora 
cavernosa and corpus spongiosum are exceedingly rare. 


Malignancy of Female Urethra 


Although twice as common as male urethral carcinoma, car- 
cinoma of the female urethra is still a rare condition and ac- 


FIGURE 19.22. Transitional cell carcinoma of the anterior ure- 
thra producing irregular narrowing (arrow). This patient had cys- 
tectomy 1 year previously for transitional cell carcinoma of the FIGURE 19.24. Carcinoma of the prostate metastasizing to 
bladder. (From Pollack HM, ed. Clinical urography. Vol 2. bones and corpus spongiosum producing an irregular filling de- 
Philadelphia: WB Saunders, 1990:1409, with permission.) fect (arrow) in the bulbous urethra. 
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FIGURE 19.25. Squamous cell carcinoma of urethra in a woman 
complaining of vaginal spotting. T2-weighted saggital magnetic 
resonance (MR) image shows relatively high signal mass sur- 
rounding the urethra and inseparable from the vagina. At 
surgery, the tumor invaded the vagina. 


urethra include sarcomas and malignant melanomas. 
Carcinoma of the female urethra has been recorded in pa- 
tients between 30 and 90 years of age, but 75% of patients 
are older than 50 years of age. 

The etiology of female urethral carcinomas remains con- 
troversial, but previous urethral infection, urethral trauma, 
and urethral caruncle may be predisposing factors. 
Approximately 2.5% of patients with urethral caruncle 
have an associated carcinoma. Female urethral diverticula 
may contain carcinomas as well as stones. The female ure- 
thral mucosa consists of transitional cells in the proximal 
one third of the urethra; squamous epithelium is present in 
the distal two thirds of the urethra. Carcinomas presenting 
in the distal one third of the urethra are classified as “ante- 
tior” urethral tumors and are usually low-grade tumors 
with early presentation and good prognosis. Tumors in- 
volving the proximal two thirds of the urethra are classified 
as “entire” urethral tumors and are of more advanced grade, 
become apparent later, and have a less favorable prognosis. 
Clinically, “anterior” urethral tumors present with a mass 
projecting from the urethral orifice, urethral bleeding, dy- 
suria, and frequency. Entire urethral tumors may have a 
similar presentation early in the course of the disease, but 
may not present until urinary retention, urethral abscess, or 
urethrovaginal fistula have developed. Urethral and pelvic 
pain are late and uncommon presentations. The diagnosis 
of urethral tumor in a woman is usually clinical. Magnetic 
resonance imaging (MRI) has proved useful in staging these 
tumors once the diagnosis has been established (Fig. 


19.25). 


FEMALE URETHRAL DIVERTICULUM 


Urethral diverticulum in women may be more common 
than has been suspected and should be excluded in patients 
with chronic irritative voiding symptoms (female urethral 
syndrome). Nonspecific chronic infection of the urethra 
may result in periurethral inflammation and edema as well 
as polyps near the bladder neck. In addition, patients with 
urethral diverticulum often complain of postvoid dribbling 
and dyspareunia. These diverticula are currently thought to 
be acquired. Infection of one of the periurethral Skene’s 
glands is believed to be the initial event, followed by ob- 
struction of the ostium of the gland and abscess formation. 
Subsequently, the abscess ruptures into the urethra, result- 
ing in a cavity communicating with the urethra. A divertic- 
ulum causes irritative symptoms by harboring infected de- 
bris, postvoid dribbling because it fills during voiding and 
then empties afterward, and dyspareunia because of its fre- 
quent location in the urethrovaginal septum where it can be 
traumatized easily during intercourse. While most divertic- 
ula lie posterior to the urethra, they also can be located lat- 
erally or anteriorly, or even surround the urethra (“saddle” 
diverticulum). When a diverticulum originates from the 
proximal urethra, there may be mass effect on the bladder 
base similar to that seen in elderly men with enlarged 
prostates. This is termed the “female prostate,” which is dis- 
cussed in more detail in Chapter 17. 

An unobstructed diverticulum often can be demon- 
strated on the postvoid film during excretory urography. 
However, the denser contrast medium used for voiding cys- 
tourethrography allows an even greater likelihood of opaci- 
fying the cavity. When suspicion remains after these studies, 
a double-balloon retrograde urethrogram (Fig. 19.26) may 
be diagnostic. The catheter is passed through the urethra 
and the balloon nearest the catheter tip is inflated in the 
bladder and snugged against the bladder neck. The second 
balloon, located outside the urethra, is then inflated, isolat- 
ing the urethra. The Davis double-balloon catheter has an 
outside balloon that can be moved on the catheter shaft, and 
therefore provides even better isolation of the urethra. 
Contrast medium injected through the catheter exits 
through an opening between the balloons and opacifies the 
diverticulum, if present (Figs. 19.27 and 19.28). A filling 
defect in a diverticulum is a rare finding but, when present, 
may be caused by stone, debris, or tumor (Fig. 19.29). 
Although squamous cell carcinoma is the most common 
neoplasm in the female urethra, adenocarcinoma is the most 
frequently diagnosed tumor in a diverticulum. 

More recently, transvaginal sonography and MRI have 
been reported as useful in detecting urethral diverticula. 
Ultrasound shows a relatively echo-free cavity adjacent to 
the urethra (Fig. 19.30); it also may demonstrate inflamma- 
tory debris and/or surrounding inflammatory edema. The 
high cost of MRI should preclude its routine use for detect- 
ing a diverticulum. However, both sonography and MRI 
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FIGURE 19.26. Double balloon retrograde urethrography tech- 
nique. The more distal balloon on the catheter tip is inflated and 
snugged against the bladder neck. The second balloon is inflated 
at the urethral meatus, effectively isolating the urethra. Contrast 
injected through the catheter exits from the opening between 
the two balloons, distends the urethra, and opacifies a urethral 
diverticulum, if present. (From Amis ES Jr, Newhouse JH. 
Essentials of uroradiology. Boston: Little, Brown and Company, 
1991:29, with permission.) 


FIGURE 19.27. Double balloon retrograde urethrogram demon- 
strating urethral diverticulum. Both balloons have been inflated 
with air (arrows) to make them more readily visualized on radio- 
graphy. After contrast has been injected a bilobed diverticulum is 
noted. With this technique contrast invariably leaks around the 
inner balloon into the bladder resulting in its opacification as 
seen here. 


FIGURE 19.28. A urethral diverticulum is opacified using a dou- 
ble balloon catheter. Contrast remains in the catheter and diver- 
ticulum (arrow). 


FIGURE 19.29. Tumor in female urethral diverticulum. Postvoid 
film from an excretory urogram reveals a collection of contrast 
below the bladder base. This is typical for a urethral diverticulum. 
The filling defect in the diverticulum proved to be adenocar- 
cinoma. (From Amis ES Jr, Newhouse JH. Essentials of uro- 
radiology. Boston: Little, Brown and Company, 1991:341, with 
permission.) 
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FIGURE 19.30. Femaie urethral diverticulum. A: Postvoid film from a voiding cystourethrogram 
reveals a collection of contrast below the bladder base and slightly to the left of midline. B: 
Transvaginal sonography reveals a cystic mass (arrow) adjacent to the urethra (U). 


may detect abnormalities in adjacent structures that could 
be the etiology of the patient’s symptoms. 


MULLERIAN DUCT CYST 


Mullerian duct cysts arise from remnants of the Mullerian 
duct. Although they are attached to the verumontanum, 
there is no connection with the urethra. They are not asso- 
ciated with other genitourinary tract anomalies. 

Patients typically present in their third or fourth decades 
with pain, hematuria, or symptoms of obstruction or uri- 
nary tract infection. The cysts vary in size, but symptomatic 
lesions can be very large. 


URETHRAL CALCULI 


Calculi from the upper urinary tract or bladder that are 
small enough to pass through the bladder neck into the ure- 
thra usually are small enough to be passed through the ure- 
thra during voiding. Occasionally, however, a stone may be 
large enough to become lodged at a point of urethral nar- 
rowing such as the membranous urethra (Fig. 19.31)or a 
urethral stricture (Fig. 19.32). Primary formation of a stone 
in the urethra usually only is seen within a congenital or ac- 
quired diverticulum (Fig. 19.33). Symptoms of urethral 
stone include weak stream, dysuria, and hematuria. 
Retrograde urethrography usually will identify a rounded 
filling defect in the urethra. If one is careful to obtain a low 


FIGURE 19.31. Urethral calculus. A: Retrograde urethrogram shows widening rather than nar- 
rowing in the membranous urethra (arrow). There is a question of a filling defect in this area. B: 
Careful evaluation of the scout film reveals a calculus (arrow) lodged in the membranous urethra. 
(From Amis ES Jr, Newhouse JH. Essentials of uroradiology. Boston: Little, Brown and Company, 


1991:227, with permission.) 
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FIGURE 19.32. A: Plain film showing a stone (curved arrow) in the expected position of the ure- 
thra. B: Dynamic retrograde urethrogram showing severe scarring in the bulbous urethra. The fill- 
ing defect (arrow) in the dilated urethra proximal to the scarring is a urethral stone. 


FIGURE 19.33. Calculi in acquired anterior urethral diverticu- 
lum. A: Multiple calculi are appreciated on the scout radiograph. 
B: Their location in an acquired urethral diverticulum is apparent 
on the retrograde urethrogram. 


abdominal radiograph, the stone may be identified before 
contrast medium is injected. 


POSTOPERATIVE URETHRAL CHANGES 
Urethroplasty 


Urethroplasty, particularly two-stage procedures performed 
as definitive therapy for anterior urethral strictures, some- 
times may result in saccular dilations of the urethra, partic- 
ularly near the proximal and distal ends of the repair (Fig. 
19.34). These dilations are called sacculations and may be so 
large as to resemble urethral diverticula. Because of their size 


FIGURE 19.34. Post urethroplasty sacculations. Retrograde ure- 
throgram using Brodney clamp shows two saccular dilations of 
the mid anterior urethra in a patient who has undergone ure- 
throplasty for urethral stricture. (From Taveras JM and Ferrucci J. 
Radiology: diagnosis-imaging-intervention. Philadelphia: JB 
Lippincott Co, 1986: Ch. 114, p. 6, with permission.) 
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they may collect urine during voiding and cause significant 
postvoid dribbling. Retrograde urethrography easily 
demonstrates sacculations or acquired diverticula. 


Prostatectomy 


TURP commonly is performed for relieving obstructive 
voiding symptoms in men with benign enlargement of the 
prostate. As part of the procedure, the internal sphincter at 
the bladder neck is widely resected as is prostatic tissue sur- 
rounding the posterior urethra. While urography in patients 
who have not had prostate surgery shows a smooth bladder 
base with no contrast in the posterior urethra, after TURP 
the urogram will demonstrate a collection of contrast 
medium below the bladder base in the region of prostate re- 
section (Fig. 19.35); this occurs because the internal sphinc- 
ter has been resected and continence is being provided by the 
slow-twitch muscle fibers in the external sphincter at the uro- 
genital diaphragm. This so-called “TURP defect” also can be 
seen on cross-sectional studies such as transrectal sonogra- 
phy, CT, and MRI. In rare instances, nodules of benign pro- 
static hyperplasia can reform in the resected urethra; these are 
most commonly found near the distal end of the resection, 
because the urologist may be less vigorous in resecting this 
area in an effort not to compromise the external sphincter. 
These nodules typically are smooth and round or ovoid, and 
are best demonstrated by retrograde urethrography (Fig. 
19.36). Inflammatory polyps also can result in urethral nod- 
ules after TURP. Another, although fortunately rare, com- 
plication of TURP or other interventions in the region of the 
bladder neck is bladder neck contracture (Fig. 19.37). After 


FIGURE 19.35. Urethral changes after transurethral resection of 
the prostate (TURP). The bladder phase of an excretory urogram 
shows mild elevation of the bladder base by an enlarged 
prostate. Since the internal sphincter has been resected, contrast 
flows through the bladder neck (bn) and fills the resected area of 
the prostate. (From Amis ES Jr, Newhouse JH. Essentials of urora- 
diology. Boston: Little, Brown and Company, 1991:372, with per- 
mission.) 


FIGURE 19.36. Recurrent nodule of benign prostatic hypertro- 
phy (BPH) after transurethral resection of the prostate (TURP). 
Retrograde urethrogram shows a widely resected prostatic ure- 
thra and bladder neck (bn). immediately above the verumon- 
tanum (v) there is a nodule protruding into the urethral lumen. 
This proved to be regrowth of BPH. The narrowing of the proxi- 
mal bulbar urethra (arrow) is the musculus compressor nuda. 


FIGURE 19.37. Bladder neck contracture after transurethral re- 
section of the prostate (TURP). Retrograde urethrogram shows a 
very narrow bladder neck (straight black arrow). Normally, fol- 
lowing TURP the bladder neck is widely open. In this case, con- 
trast can be seen taking the path of least resistance and opacify- 
ing the ejaculatory ducts (straight white arrow) and subsequently 
the convoluted portion of the vasa (curved black arrow) and the 
seminal vesicles (curved white arrow). (From Amis ES Jr, 
Newhouse JH, Cronan JJ. Radiology of male periurethral struc- 
tures. AJR Am J Roentgenol 1988;151:321.) 


FIGURE 19.38. Postoperative radical prostatectomy changes. An 
excretory urogram reveals funneling of the bladder base behind 
the pubic symphysis. The entire prostate and prostatic urethra 
have been removed. The free edges of the bladder have been 
pulled down and anastomosed to the remaining stump of mem- 
branous urethra just above the urogenital diaphragm. This re- 
sults in the funneled appearance of the bladder base. The multi- 
ple surgical clips are evidence of a pelvic lymph node dissection. 
(From Taveras JM, Ferrucci JT. Radiology. Diagnosis-Imaging- 
Intervention. Philadelphia: JB Lippincott Co, 1988: Ch. 16, p. 6, 
with permission.) 


open prostatectomy for benign disease, the proximal pro- 
static urethra may appear patulous and irregular when im- 
aged by urethrography, CT, MRI, or transrectal ultrasound. 

Radical prostatectomy for cancer can be performed 
through the retropubic or transperineal route. In either case, 
the entire prostate and both seminal vesicles are removed en 
bloc. Continuity of the lower urinary tract must then be 
reestablished by anastomosing the bladder neck to a stump 
of membranous urethra extending from the urogenital di- 
aphragm. The end result is a funnel shape of the bladder 
base that extends well below the top of the pubic symphysis 
(Fig. 19.38). This finding is virtually pathognomonic of a 
radical prostatectomy, and, if accomplished using the 
retropubic approach, there will be multiple surgical clips 
along the paths of the pelvic lymph node chains as evidence 
of a staging lymphadenectomy. 


PENIS 


Benign and malignant lesions of the penis are readily visible 
and may be diagnosed clinically. These include condylo- 
mata acuminata, chancres, melanomas, basal cell carcino- 
mas, and squamous cell carcinomas. Radiologic examina- 
tion makes little or no contribution to the diagnosis of these 
lesions. However, radiology procedures are useful in the in- 
vestigation of organic impotence, penile prostheses, and 
Peyronie’s disease. 
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Organic Impotence 


Erectile dysfunction (ED) is the most common male sexual 
problem, affecting up to 30 million men in the United 
States. The origin of most ED is organic, either neurologic, 
vascular, or a combination of the two. However, especially 
in younger men, an emotional component is common. 

Erection is mediated via the pelvic nerves that course be- 
tween the prostate and rectum, which explains the high in- 
cidence of ED following surgery involving these structures. 
In the penis, pelvic nerve stimulation results in smooth mus- 
cle relaxation in the walls of the cavernosal arteries and in 
the walls of sinusoids that fill both corpora cavernosa (Fig. 
19.39). As the sinusoids and cavernosal arteries relax, there 
is a resultant decreased resistance to arterial flow into the 
cavernosa. Eventually, the pressure in the cavernosa equals 
systolic blood pressure. As the sinusoids distend with blood, 
they compress and block small emissary veins that extend 
from lacunar spaces around the peripheral sinusoids 
through the relatively rigid tunica albuginea surrounding 
the cavernosa to enter the deep dorsal vein of the penis. 
Thus, increased inflow of blood into the cavernosa inhibits 
the venous outflow and results in an erection. Arteriogenic 
impotence implies an inability to increase the flow of blood 
into the cavernosa, such as can occur with posttraumatic or 
atheromatous occlusion of the internal pudendal or com- 
mon penile arteries. Venogenic impotence results from the 
failure to occlude venous outflow, allowing continuous ve- 
nous leakage from the emissary veins. 

The current evaluation of patients with ED is predomi- 
nantly clinical. A complete radiographic vascular assessment 
is not usually necessary, because only very few patients will 
be treated surgically following the development of satisfac- 
tory pharmacologic therapy. Sildenafil, an oral agent, acts 
selectively at the penis to inhibit the breakdown of cyclic 
GMP (guanosine monophosphate), prolonging the dura- 
tion and increasing the degree of cavernosal smooth muscle 
relaxation, thereby enhancing and prolonging erection. This 
drug enjoys a 90% response rate in men with no known or- 
ganic cause of ED, and even a 50% response rate in diabetic 
men with obvious organic disease. 

Should it be necessary, the best minimally invasive 
method for studying penile blood supply is color Doppler 
ultrasound; this technique also may provide useful informa- 
tion on the venoocclusive mechanism. 


Penile Prostheses 


Implantable penile prostheses are an option for treating ED 
in patients who do not respond to other, less invasive regi- 
mens. Implanted into the corpora cavernosa, these prosthe- 
ses fall into several broad categories, including malleable 
rods (Fig. 19.40), mechanically positionable rods (Fig. 
19.41), and inflatable cylinders with the reservoir in the ab- 
domen and the pump in the scrotum (Fig. 19.42) or both 
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FIGURE 19.39. Simplified diagram of erectile function. Note that during erection the sinusoids in 
the corpora cavernosa distend and compress the emissary veins against the rigid tunica albuginea, 
thus occluding venous outflow. Leakage via these veins is the cause of venogenic impotence. 
Obstruction of the arterial supply to the penis (e.g., atherosclerotic plaques) is the cause of arte- 
riogenic impotence. (IVC = inferior vena cava) (From Amis ES Jr, Newhouse JH. Essentials of uro- 
radiology. Boston: Little, Brown and Company, 1991:382, with permission.) 


FIGURE 19.40. Malleable prosthesis. The braided wire cores are 
readily visualized but the silicone shell can only barely be appre- 
ciated. An artificial urethral sphincter (arrow) also is present. 
(From Cohan RH. Radiology of penile prostheses: Normal appear- 
ance and evaluation of malfunctions. In: Uroradiology syllabus— 
American Roentgen Ray Society: 1989:168, with permission.) 


FIGURE 19.41. Omni Phase (positionable) prosthesis. The spring 
action cable (arrowhead) and interconnecting plastic segments 
(small arrows) are well seen. The spring action assembly is housed 
in the radiopaque metallic segment (large arrow). (From Cohan 
RH. Radiology of penile prostheses: Normal appearance and eval- 
uation of malfunctions. In: Uroradiology syilabus—American 
Roentgen Ray Society: 1989:172, with permission.) 


reservoir and pump in the scrotum (Fig. 19.43). New prod- 
ucts and variations on existing devices are continually intro- 
duced, making it difficult to provide a definitive radio- 
graphic atlas. Radiographic evaluation usually is requested 
to evaluate these devices when they become nonfunctional. 
More specifically, for the inflatable prosthesis, radiographs 


FIGURE 19.42. Multicomponent inflatable penile prosthesis 
(IPP). This specimen radiograph of a Mentor IPP demonstrates the 
reservoir (large arrow), valve mechanism (arrowhead), and penile 
cylinders (small arrows). (From Cohan RH. Radiology of penile 
prostheses: Normal appearance and evaluation of malfunctions. 
In: Uroradiology syllabus—American Roentgen Ray Society: 
1989:169, with permission.) 
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FIGURE 19.43. Multicomponent inflatable penile prosthesis. 
This newer version has the reservoir (arrow) contained in the 
valve mechanism. (From Cohan RH. Radiology of penile prosthe- 
ses: Normal appearance and evaluation of malfunctions. In: 
Uroradiology syllabus—American Roentgen Ray Society: 1989: 
172, with permission.) 


will indicate if the reservoir, which is filled with radiopaque 
fluid, is intact or leaking (Fig. 19.44), and if the tubing con- 
necting the various parts is kinked (Fig. 19.45) or discon- 
nected. 


Peyronie’s Disease 


Peyronie’s disease is the development of fibrous plaques in 
the corpora cavernosa, resulting in painful deformity of 


FIGURE 19.44. Fluid leak from an inflatable penile prosthesis. 
Only a minimal amount of fluid remains within the reservoir and 
penile cylinders, indicating fluid leak. 
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FIGURE 19.45. Kink in connecting tubing. The abrupt angula- 
tion (arrow) indicates a kink in the connecting tubing. (From 
Cohan RH: Radiology of penile prostheses: Normal appearance 
and evaluation of malfunctions. In: Uroradiology syllabus— 
American Roentgen Ray Society: 1989:170, with permission.) 


the penis when erect. Plain-film radiography may show 
calcification (Fig. 19.46) in these plaques, but this is un- 
common. CT has been reported to show faint calcifica- 
tions in penile plaques that cannot be demonstrated on 
plain radiography. 


FIGURE 19.46. Peyronie’s disease. A plain film of the penis 
showing several calcified plaques (arrows) in the distal penis. 
(From Gray R, Grosman H, St. Louis EL, et al. The use of corpus cav- 
ernosonography: a review. J Can Assoc Radiol 1984;35: 338, 53.) 


SUGGESTED READINGS 


Urethra 


Al-Ghorab NM. Radiological manifestations of genitourinary bil- 
harziasis. Clin Radiol 1968; 10:100. 

Amis ES Jr, Newhouse JH, Cronan JJ. Radiology of male periurethral 
structures. AJR Am J Roentgenol 1988; 151:321. 

Bevers RFM, Abbekerk EM, Boon TA. Cowpet’s syringocele: symp- 
toms, classification and treatment of an unappreciated problem. J 
Urol 2000; 163:782. 

Bolduan JP, Farah RN. Primary urethral neoplasms: review of 30 
cases. J Urol 1981; 125:198. 

Colodny AH, Lebowitz RL. Lesions of Cowper’s ducts and glands in 
infants and children. Urology 1978; 9:321. 

Fernbach SK, Feinstein KA, Schmidt MB. Pediatric voiding cys- 
tourethrography: a pictorial guide. RadioGraphics 2000; 20:155. 

Gluck CD, Bundy AL, Fine C, et al. Sonographic urethrogram: com- 
parison to roentgenographic techniques in 22 patients. J Urol 
1988; 140:1404. 

Greenberg M, Stone D, Cochran ST, et al. Female urethral divertic- 
ula: double-balloon catheter study. AJR Am J Roentgenol 1981; 
136:259. 

Hricak H, Secaf F, Buckley DW, et al. Female urethra: MR imaging. 
Radiology 1991; 178:527. 

Jacoby K, Rowbotham RK. Double balloon positive pressure ure- 
thrography is a more sensitive test than voiding cystourethrogra- 
phy for diagnosing urethral diverticulum in women. J Urol 1999; 
162:2066. 

Keefe B, Warshauer DM, Tucker MS, et al. Diverticula of the female 
urethra: diagnosis by endovaginal and transperineal sonography. 
AJR Am J Roentgenol 1991; 156:1195. 

Kim B, Hricak H, Tanagho EA. Diagnosis of urethral diverticula in 
women: value of MR imaging. AJR Am J Roentgenol 1993; 
161:809. 

Levine RL. Urethral cancer. Cancer 1980; 45(8):1965. 

McCallum RW. Urethral disease and interventional cystourethrogra- 
phy. Radiol Clin North Am 1986; 24:651. 

McCallum RW. Urethral neoplasms. In: Pollack HM, ed. Clinical 
Urography. Philadelphia: WB Saunders, 1990. 

McCallum RW, Colapinto V. Urological Radiology of the Adult Male 
Lower Urinary Tract. Springfield, IL: Charles C Thomas, 1976. 
Merchant SA, Amonkar PP, Patil JA. Imperforate syringoceles of the 
bulbourethral duct: appearance on urethrography, sonography, 

and CT. AJR Am J Roentgenol 1997; 169:823. 

Morikawa K, Togashi K, Minami S, et al. MR and CT appearance of 
urethral clear cell adenocarcinoma in a woman. J Comput Assist 
Tomogr 1995; 19(6):1001. 

Neitlich JD, Foster HE Jr, Glickman MG, et al. Detection of urethral 
diverticula in women: comparison of a high resolution fast spin 
echo technique with double balloon urethrography. J Urol 1998; 
159:408. 

Palmer PES, Reeder MM. Parasitic disease of the urinary tract. In: 
Pollack HM, ed. Clinical Urography. Philadelphia: WB Saunders, 
1990. 

Paulk SC, Khan AU, Malek RS, et al. Urethral calculi. J Urol 1976; 
116:436. 

Pollack HM, DeBenedictis TJ, Marmar JL, et al. Urethrographic 
manifestations of venereal warts (condyloma acuminata). 
Radiology 1978; 126:643. 

Shaver WA, Richter PH, Orandi A. Changes in the male urethra pro- 
duced by instrumentation for transurethral resection of the 
prostate. Radiology 1975; 116:623. 

Siegel CL, Middleton WD, Teefey SA, et al. Sonography of the fe- 
male urethra. AJR Am J Roentgenol 1998; 170:1269. 


Siegelman ES, Banner MP, Ramchandani P, et al. Multicoil MR 
imaging of symptomatic female urethral and periureteral disease. 
RadioGraphics 1997; 17:349. 

Stern AJ, Patel SK. Diverticulum of the female urethra. Radiology 
1976; 121:222. 

Symes JM, Blandy JP. Tuberculosis of the male urethra. Br J Urol 
1973; 5:432. 

Tines SC, Bigongiari LR, Weigel JW. Carcinoma in diverticulum of 
the female urethra. AJR Am J Roentgenol 1982; 138:582. 

Yoder IC, Papanicolaou N. Imaging the urethra in men and women. 


Urol Radiol 1992; 14:24. 
Penis 


Bookstein JJ, Lang EV. Penile magnification pharmacoarteriography: 
details of intrapenile arterial anatomy. AJR Am J Roentgenol 1987; 
148:883. 

Cohan RH, Dunnick NR, Carson CC. Radiology of penile prosthe- 
ses. AJR Am J Roentgenol 1989; 152:925. 

Fuchs AM, Mehringer CM, Rajfer J. Anatomy of penile venous 
drainage in potent and impotent men during cavernosonography. 
J Urol 1989; 141:1353. 

Gomella LG. Impotence—defining the role of minimally invasive 
therapy. J Urol 1996; 155:147. 

Hattery RE, King BF Jr, Lewis RW, et al. Vasculogenic impotence: 
duplex and color Doppler imaging. Radiol Clin North Am 1991; 
29:629. 


Chapter 19: Urethra and Penis 435 


Hovsepian DM, Amis ES. Penile prosthetic implants: a radiographic 
atlas. RadioGraphics 1989; 9(4):707. 

Hricak H, Marotti M, Gilbert TJ, et al. Normal penile anatomy and 
abnormal penile conditions: evaluation with MR imaging. 
Radiology 1988; 169:683. 

Kaneko K, De Mouy EH, Lee BE. Sequential contrast-enhanced MR 
imaging of the penis. Radiology 1994; 191:75. 

Korenman SG. New insights into erectile dysfunction: a practical ap- 
proach. Am J Med 1998; 105:135. 

Krysiewicz S, Mellinger BC. The role of imaging in the diagnostic 
evaluation of impotence. AJR Am J Roentgenol 1989; 153:1133. 

Lerner SE, Melman A, Christ GJ. A review of erectile dysfunction: 
new insights and more questions. J Urol 1993; 149:1246. 

Paushter DM. Role of duplex sonography in the evaluation of sexual 
impotence. AJR Am J Roentgenol 1989; 153:1161. 

Quam JP, King BJ, James EM, et al. Duplex and color Doppler sono- 
graphic evaluation of vasculogenic impotence. AJR Am J 
Roentgenol 1989; 153:1141. 

Rajfer J, Canan V, Dorey FJ, et al. Correlation between penile an- 
giography and duplex scanning of cavernous arteries in impotent 
men. J Urol 1990; 143:1128. 

Vickers MA, Benson CB, Richie JP. High resolution ultrasonography 
and pulsed wave Doppler for detection of corporovenous incom- 
petence in erectile dysfunction. J Urol 1990; 143:125. 

Wagner G, Saenzdestejada I. Update on male erectile dysfunction. 
BM] 1998; 316:678. 


SCROTUM AND CONTENTS 


INTRATESTICULAR LESIONS 
Testicular Tumors 
Seminoma 
Embryonal cell carcinoma 
Choriocarcinoma 
Other germ cell tumors 
Nongerminal testis tumors 
Benign Testicular Conditions 
Cysts 
Microlithiasis 


SCROTAL TRAUMA 


TESTICULAR TORSION 
Spermatic Cord Torsion 


Appendage Torsion 
UNDESCENDED TESTES 


EXTRATESTICULAR SCROTAL PATHOLOGY 
Hernia 

Hydrocele 

Epididymal Cysts 

Varicocele 

Tumors 
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The most commonly used examination to detect and char- 
acterize scrotal and intrascrotal anatomy (Fig. 20.1) and 
pathology is ultrasound (Figs. 20.2 and 20.3), which usually 
is performed with color Doppler imaging. Using surface 
coils, magnetic resonance imaging (MRI) can produce high- 
quality images of the scrotum and its contents, but MRI sel- 
dom provides important clinical information not obtainable 
by ultrasound. Computed tomography (CT) is not used to 
examine the scrotum and its contents, although CT of the 
lower abdomen may display hernias that extend into the 
scrotum, and CT remains the most useful modality to de- 
tect abdominal metastases arising from intrascrotal malig- 
nancies. CT also is useful to detect and characterize medi- 
astinal and pulmonary metastatic disease. Radiography of 
the scrotum is used very rarely as a first-line imaging tech- 
nique, but it may be used to demonstrate calcification from 
old hematomas. 


INTRATESTICULAR LESIONS 


Testicular Tumors 


Testicular cancer accounts for approximately 1% of all can- 
cers in men. Testicular tumors may be classified as germ cell 
tumors, tumors arising from the gonadal stroma, metastases 
(including lymphoma), and adrenal rest tumors. Germ cell 
tumors include seminoma, embryonal cell carcinoma, 
choriocarcinoma, teratoma, and yolk-sac tumors. They may 


be of single or mixed cell type and constitute approximately 
95% of testicular tumors and 5% of male genitourinary tu- 
mors. Germ cell tumors are the most common solid tumors 
of men 20 to 34 years of age. In adults, 40% to 45% of germ 
cell tumors are seminomas; in order of decreasing frequency, 
the remainders are embryonal carcinoma, choriocarcinoma, 
teratoma, teratocarcinoma, and other rare tumors. In chil- 
dren, approximately 70% of testis tumors are of germ-cell 
origin, and, of these, yolk-sac tumors and teratomas com- 
prise about 85%. 

There is a strong association between testis tumors and 
cryptorchidism. Approximately 10% of testis tumors occur 
in cryptorchid testes, and the risk of a tumor appearing in a 
cryptorchid testis is more than 30 times greater than in a 
normal descended testis. The histologic distribution of the 
types of tumors that develop in an undescended testis is sim- 
ilar to those that develop in scrotal testes. Seminoma is the 
most common cell type, followed by embryonal carcinoma 
and teratocarcinoma. 

The clinical presentation of testis tumors may involve the 
detection of an enlarged or mass-containing testis by the pa- 
tient or his physician. The enlargement often is painless; 
acute scrotal pain may indicate hemorrhage, and suggests di- 
agnoses of torsion or epididymo-orchitis. Occasionally, an 
asymptomatic, intratesticular, nonpalpable mass may be en- 
countered in a scrotal ultrasound performed for other rea- 
sons; this finding often leads to orchiectomy whether the le- 
sion turns out to be a primary malignancy or not. In patients 
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FIGURE 20.1. Diagram of scrotal and testicular anatomy. (From 
Amis ES Jr, Newhouse JH. Essentials of uroradiology. Boston: 
Little, Brown and Company, 1991, with permission.) 


with advanced disease, initial symptoms such as supraclavic- 
ular lymphadenopathy, dyspnea, and back pain may be 
caused by metastases. 

Occasionally, testicular tumors may present with metas- 
tases, but without a palpable primary tumor in the scrotum; 
in these cases, ultrasound is particularly important in search- 
ing for the primary tumor. Sometimes the primary tumor is 
“burned out” and is seen as little more than a hyperechoic 
area or a linear calcification. 

Ultrasound of a testis tumor usually reveals the primary 
lesion to be an intratesticular mass; indeed, deciding 
whether the mass is in the testis or not is an important step 
toward determining whether it is a malignancy, because so 
few extratesticular scrotal lesions are neoplasms. Most testis 
tumors are shown to be hypervascular by Doppler examina- 
tion except cystic and very small tumors. The abnormal ves- 
sels commonly are disorganized, but may be relatively regu- 
lar in configuration with infiltrative tumors such as 
lymphomas and focal leukemic deposits. 
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FIGURE 20.3. Longitudinal sonogram of normal testis, including 
head of epididymis (arrow). Note the homogeneous echo tex- 
ture. (From Amis ES Jr, Newhouse JH. Essentials of uroradiology. 
Boston: Little, Brown and Company, 1991, with permission.) 


Modalities that directly display testicular parenchymal 
tissue (ultrasound and MRI) usually reveal a region of nor- 
mal parenchyma in the involved testis; even if the tumor is 
quite large, a displaced rim of normal parenchyma usually 
can be found at some portion of the tumor’s periphery. 
Ultrasound will show this parenchyma to be similar to the 
contralateral testis in echogenic pattern; MRI almost always 
will reveal solid tumor tissue to be less intense than the nor- 
mal parenchyma. Acute or missed torsion, however, will 
cause the entire parenchyma of the involved testis to be ab- 
normal. Orchitis may involve the entire testis or may be fo- 
cal. When focal, orchitis usually can be distinguished from 
a tumor by its acute history and tenderness, and by its ten- 
dency to appear adjacent to an inflamed epididymis. 


FIGURE 20.2. Mediastinum tes- 
tis. A: Sagittal section. B: Trans- 
verse section. The bright linear 
echo represents the mediasti- 
num testis. 
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Tumors confined to the scrotum are defined as stage I le- 
sions. Stage II disease involves lymph nodes inferior to the 
diaphragm, stage III disease has metastasized to extraab- 
dominal nodes, and stage IV connotes extranodal disease. 
Staging usually is performed by CT of the abdomen and 
chest. Serologic tumor markers, including alpha-fetoprotein 
(AFP) and human chorionic gonadotropin (HCG) also are 
valuable in assessing initial stage and recurrence, but usually 
are not elevated in patients with a pure seminoma. 

Testis tumors may spread by direct invasion of the 
epididymis or spermatic cord, by involvement of retroperi- 
toneal nodes, and by hematogenous dissemination. Retro- 
peritoneal lymph node involvement often appears first at 
the approximate level of the renal hilum on the left and 
slightly lower on the right. Inguinal and inferior iliac nodes 
usually are spared unless the primary tumor has invaded the 
skin of the scrotum or has recurred in the scrotum after or- 
chiectomy. Hematogenous spread usually is to the lungs 
where it is seen as multiple pulmonary nodules. 

The detection of lymph node involvement is based on 
the size of the nodes, especially in nonseminomatous germ 
cell tumors (NSGCT). It is assumed that the larger the 
lymph node, the more likely it will contain metastatic dis- 
ease. While a measurement of 10 mm in short axis diameter 
has often been used as the threshold for the diagnosis of 
lymph node involvement, this is probably too large, given 
the image quality of current generation CT scanners. Hilton 
et al. recently reported a decrease in the false negative rates 
from 64% using a size criterion of 10 mm to 7% when a cri- 
terion of 4 mm was used in patients with NSGCT. It may 
be prudent to use a lower threshold for lymph node size in 


the expected routes of lymph node dissemination and a 
higher threshold for nodes outside these regions. 

Inguinal orchiectomy involves minimal morbidity and 
functional impairment, and provides excellent local control 
of testicular neoplasms. Subsequent treatment depends on 
the stage and histologic nature of the tumor, and usually in- 
volves combinations of external-beam irradiation, 
chemotherapy, and retroperitoneal lymphadenectomy. 
Seminomas are quite sensitive to irradiation and have a cure 
rate of more than 95% when the diagnosis is made before 
metastases have occurred; lymphadenectomy often is not 
needed. Nonseminomatous germ cell tumors are less sensi- 
tive to irradiation and usually require a combined therapeu- 
tic approach, The 5-year survival rate for patients with stage 
I disease is 90% to 95%. 


Seminoma 


Seminomas are the most common testicular neoplasm. 
They account for approximately 40% of all germ cell tu- 
mors. Seminomas occur in slightly older men than do other 
types of testicular tumors; patients often are 30 to 45 years 
of age. 

Ultrasound usually reveals testicular seminomas as in- 
tratesticular masses that are less echogenic than the adjacent 
normal testicular tissue (Figs. 20.4 to 20.7).They may be 
discrete and small, or may involve most of the testis. 
Doppler ultrasound usually demonstrates perfusion. 
Testicular seminomas rarely involve the tunica albuginea, or 
become necrotic, cystic, or hemorrhagic. T2-weighted MR 
images usually reveal the lesions to be of lower intensity than 


FIGURE 20.4. Seminoma. A: Sagittal and (B), transverse scans demonstrate well-defined hypoe- 


choic areas corresponding to a 1.5 cm seminoma. 


FIGURE 20.5. Seminoma. Several small hypoechoic foci are ap- 
preciated in this 32-year-old man with a testicular seminoma. 


the normal testes. The lesions often are uniform in appear- 
ance, but may be heterogeneous. Lymph node metastases in 
the retroperitoneum or mediastinum are manifested as 
nodal enlargement, which may be detected by either CT or 
MRI, which are roughly equivalent in sensitivity. 
Malignancy in normal sized nodes is extremely difficult to 
detect. Before CT, bipedal lymphangiography was widely 
used for staging testicular tumors, but is now rarely per- 
formed. Some practitioners have suggested that patients 
who have negative or equivocal CT examinations undergo 
lymphangiography in an attempt to find small tumor de- 
posits. 


FIGURE 20.6. Seminoma. Color Doppler ultrasound shows fine 
neovascularity. 
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FIGURE 20.7. Recurrent seminoma. Five years after orchiectomy 
for left seminoma, this recurrent seminoma was found in the 
right testis. 


Embryonal Cell Carcinoma 


Embryonal cell carcinomas account for approximately 30% 
of germ cell neoplasms and usually occur in men younger 
than those who develop seminomas. These aggressive tu- 
mors may invade the tunica albuginea and may alter the tes- 
ticular shape. Sonographically, the lesions are poorly cir- 
cumscribed, hypoechoic, and more likely to be of 
nonuniform echogenicity than seminomas (Fig. 20.8). 
Embryonal cell carcinomas often contain focal areas of in- 
creased echogenicity that represent regions of necrosis and 
hemorrhage, and may demonstrate dense echogenic foci. 
They are easily detected by MRI, but no specific patterns 
permit reliable differentiation of different types of testicular 
tumors. 


Choriocarcinoma 


Choriocarcinoma is less common and accounts for only 2% 
of testicular tumors. The tumor is aggressive, metastasizes 
early, and is more likely to present with symptoms from the 
metastases. The primary lesion may be small; sonography 
reveals it to be primarily hypoechoic with mixed areas of in- 
creased echogenicity due to necrosis, hemorrhage, and calci- 
fication. 


Other Germ Cell Tumors 


Most of the remaining germ cell tumors are of mixed histo- 
logic pattern and show more than one germ layer. These in- 
clude teratoma, teratocarcinoma, seminoteratoma, and 
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FIGURE 20.8. Embryonal cell carcinoma. Ultrasound reveals a 
heterogeneous mass, which is enlarging the testis; part of the 
mass is outlined by cursors. 


seminoembryonal cell carcinoma. The most common of 
these tumors are teratoma and teratocarcinoma. 

Teratomas account for 10% to 20% of testicular tumors. 
They commonly form well-differentiated squamous cystic 
lesions containing keratinaceous fatty material, muscle, car- 
tilage, bone, and mucous glandular tissue. These tumors are 
rarely poorly differentiated. Although many of these tumors 
are considered benign, nearly one third of patients develop 


FIGURE 20.9. Teratocarcinoma. Cystic areas in hyperechoic le- 
sions are seen in this 32-year-old man with teratocarcinoma. 


metastases within 5 to 10 years of diagnosis. Ultrasonog- 
raphy shows cystic hypoechoic areas with areas of marked 
hyperechogenicity. 

Teratocarcinoma is a mixture of teratoma and embryonal 
cell carcinoma, and is slightly less common than seminoma. 
This tumor is very aggressive, metastasizes early, and may 
break through the tunica albuginea. It is subject to necrosis 
and hemorrhage. Ultrasound shows a hypoechoic cystic le- 
sion that is poorly demarcated and may contain areas of in- 
creased echogenicity (Fig. 20.9). 

Intratesticular papillary adenocarcinoma is a rare cystic 
malignancy; fewer than 25 cases have been reported. The 
sonographic findings reported in one case are those of a 
well-defined, echo-free, multicystic, septated, intratesticular 
lesion. Within the cysts are solid echogenic nodules, some of 
which develop in the septations. 


TESTICULAR GERM CELL TUMORS 


m Seminoma 

m Embryonal cell carcinoma 
m Choriocarcinoma 
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Nongerminal Testis Tumors 


Primary tumors that arise from the gonadal stroma are 
Leydig cell or Sertoli cell tumors. Leydig cell tumors develop 
in the interstitial cells of the fibrovascular stroma; they may 
produce testosterone and therefore may result in increased 
muscle mass. Leydig cell hyperplasia has been described in 
the presence of seminoma. 

Sertoli cell tumors develop from the basement mem- 
branes of seminiferous tubules and produce estrogen. These 
tumors usually are benign and are rare. On ultrasound, 
Sertoli cell tumors cause spotty hypoechoic areas with sev- 
eral associated cysts. 

Other rare primary testicular tumors do not arise from 
germ cells. These include gonadoblastoma, adenocarcinoma 
of the rete testes, and mesenchymal neoplasms such as fi- 
bromas and leiomyomas. Adenomatoid tumors, which are 
small and benign, may occur in the testis, but are usually 
found in the epididymis. 

Metastatic disease to the testis is more common than pri- 
mary testicular germ cell tumors in men older than 50 years 
of age. Metastases have been reported from a variety of pri- 
mary tumors arising in the prostate, kidney, lung, gastroin- 
testinal tract, skin, and other sites. Testicular metastases are 
usually bilateral, multiple, and hypoechoic, although hyper- 
echoic metastases have been observed. 

Testicular lymphoma may be primary in the testis with- 
out nodal or systemic involvement, or it may be a compli- 


cation of systemic disease. Lymphoma accounts for 25% of 
testicular tumors in men older than 50 years of age. Poorly 
differentiated lymphoma is more likely to be bilateral. 
Lymphoma may appear as one or more focal hypoechoic re- 
gions (Fig. 20.10) or as a diffusely enlarged hypoechoic 
testis. Patients with leukemia may develop leukemic de- 
posits in the testes, which look similar to the abnormalities 
seen with lymphoma (Fig. 20.11). In patients with 
leukemia, the testis may be the first site of extramedullary 
disease and may appear before hematologic relapse. 

Rarely, in patients with increased levels of corticotropin 
(ACTH), adrenal rest tumors of the testes may develop. 
These may occur in patients with congenital adrenal hyper- 
plasia or primary adrenal insufficiency. They probably rep- 
resent hypertrophy of ectopic adrenal rests that migrated 
with the testes during fetal development. The tumors usu- 
ally are multiple and produce testicular enlargement. On ul- 
trasound, the lesions are eccentrically placed intratesticular 
hypoechoic nodules, some of which may produce acoustic 
shadowing. In one case associated with Addison’s disease, 
hyperechoic nodules that also produced acoustic shadowing 
were seen. 


Benign Testicular Conditions 
Cysts 


Testicular cysts are rare. They usually are idiopathic, but 
may be postinflammatory or posttraumatic. They arise from 
efferent ductules of the rete testes and are located peripher- 
ally within or adjacent to the mediastinum testis. Their av- 
erage size is 5 to 7 mm. Histologic examination demon- 
strates that the cysts are lined by cuboidal or low columnar 
epithelium and, in some cases, demonstrate cilia. Testicular 
cysts are not palpable. Ultrasound examination reveals pe- 
ripheral, well-defined anechoic lesions with normal sur- 
rounding testicular echogenicity (Fig. 20.12). Cysts of the 


FIGURE 20.10. Lymphoma. Focal hypoechoic areas are seen 
within an enlarged testis. 
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FIGURE 20.11. Leukemic nodule in testis. Longitudinal ultra- 
sound shows large, hypoechoic nodule almost replacing testis in 
patient with chronic myelogenous leukemia. (From Amis ES Jr, 
Newhouse JH. Essentials of uroradiology. Boston: Little, Brown 
and Company, 1991, with permission.) 


rete testis often are accompanied by cysts or other abnor- 
malities of the epididymis. 

Ten to twenty percent of benign testicular cysts develop 
in the tunica albuginea. These cysts are palpable as small (2 
to 5 mm) masses at the periphery of the testes. Palpation 
does not permit distinction of cyst from tumor, but ultra- 
sound examination reveals the typical findings of cysts else- 
where in the testes. When they are adjacent to the epi- 
didymis, acoustic enhancement may not be apparent. 


FIGURE 20.12. Cyst. A well-defined anechoic mass with in- 
creased through-transmission in the testis indicates a cyst (ar- 
row). A hydrocele also is present. 
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FIGURE 20.13. Testicular microlithiasis. Multiple small 
echogenic foci scattered throughout the testis. 


Epidermoid cysts of the testes are rare. These cysts usu- 
ally are found as palpable masses and, on ultrasound, are 
seen as solitary cystic structures with echogenic rims. 


Microlithiasis 


Testicular microlithiasis is a rare (less than 1% of men), be- 
nign condition diagnosed in vivo by ultrasound or by patho- 
logic examination of testicular tissue. It consists of multiple 
small calcifications, 1 or 2 mm in diameter. They are usually 
scattered uniformly throughout both testes, but may be pre- 
dominately in the peripheral portions or may be unilateral. 

Testicular microlithiasis is different from the calcifica- 
tions that occasionally appear within focal testicular lesions. 
Although often isolated abnormalities, they are found fre- 
quently in conjunction with other testicular abnormalities, 
including cryptorchidism, infertility, Klinefelter syndrome 
and neoplasms, especially seminoma. Some authors believe 
that testicular microlithiasis cannot be considered entirely 
benign. However, it is unclear whether its association with 
testicular pathology is real, or merely apparent because most 
patients who have the ultrasound examinations necessary to 
detect testicular microlithiasis have been referred because 
they already have known signs or symptoms of the other tes- 
ticular diseases. 

Ultrasound demonstrates multiple small echogenic foci, 
usually diffusely scattered throughout the testicular 
parenchyma. (Fig. 20.13). There is great variability in the 
number of foci and rarely are they large enough to cause 
shadowing. 


SCROTAL TRAUMA 


Testicular trauma is unusual. Testicular rupture results 
most commonly from athletic injuries, vehicular accidents, 


and assaults. It often results from compression of the testis 
between the pubic or ischial bones and an external object. 
The tunica albuginea ruptures, and hemorrhage occurs 
into the scrotum. Gross injury to the testicle is an indica- 
tion for emergency surgery. If surgical intervention occurs 
within 72 hours, the testis can be saved in approximately 
90% of cases, whereas later surgery is associated with a sal- 
vage rate of only 55%. Therefore, testicular trauma is an 
indication for emergency ultrasound examination, which 
is extremely accurate in diagnosing or excluding testicular 
hematomas and lacerations. 

Testicular rupture or intratesticular hematoma pro- 
duces focal alterations of the normal testicular echogenic- 
ity; the lesions may be hypo- or hyperechoic (Figs. 20.14 
and 20.15). A focal region of testicular injury may not be 
distinguishable from a focal tumor on ultrasonographic 
grounds alone; the history is necessary. It may be useful to 
perform serial examinations because injured regions tend 
to evolve in appearance, whereas tumors change very 
slowly. 

With severe lacerations, it may be impossible to distin- 
guish even a portion of the normal testicular outline or tis- 
sue, and only a large mass comprising hematoma and por- 
tions of remaining testis and producing an appearance of 
heterogeneous echogenicity may be seen. A hydrocele or 
hematocele may accompany testicular injury; hematoceles 
may sometimes demonstrate low-level echoes. Traumatic 
hematomas also may appear in the epididymis and in the 
scrotal wall. Focal testicular infarction also may accom- 
pany trauma and may produce alterations in echogenicity. 


FIGURE 20.14. Hematoma. A hematoma (H) is identified adja- 
cent to the testis (7). 


FIGURE 20.15. Testicular fracture. There are regions of mixed 
echogenicity within the testis which are hematomas. A cresentic 
fluid collection (arrow), also representing blood, is visible at the 
margin of the testis. 


TESTICULAR TORSION 
Spermatic Cord Torsion 


Testicular torsion produces acute severe ischemia of the 
testis, and can present with scrotal pain at any age; most pa- 
tients are infants, boys, or young men. The onset of symp- 
toms usually is spontaneous, but may follow trauma. 
Normally the leaves of the tunica vaginalis converge poste- 
riorly, fix the testis, and prevent it from twisting on the sper- 
matic cord. But an anatomic anomaly, known as the “bell- 
clapper” deformity, may occur in which this fixation is 
absent. If the testis twists, the testicular artery may become 
occluded. Intrascrotal twists associated with the bell-clapper 
deformity are known as “intravaginal torsion;” if the twist of 
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the spermatic cord is superior to the scrotum, it is known as 
“extravaginal torsion.” The clinical conditions to be consid- 
ered in patients with acute painful scrotal swelling include 
epididymitis, orchitis, acute hydrocele, strangulated in- 
guinal hernia, hemorrhage into a testicle, or fat necrosis of 
the spermatic cord. 

Acute severe testicular ischemia from torsion requires 
immediate surgery. The testicular salvage rate in the first few 
hours of symptoms approaches 100%, but decreases rapidly 
to approximately 20% by 12 to 24 hours. Complete testic- 
ular ischemia lasting longer than 24 hours virtually always 
causes irreversible infarction, which is known as a “missed 
torsion.” When the testis can be salvaged, surgical or- 
chiopexy fixes it to the scrotum. Because the bell-clapper de- 
formity tends to be bilateral, orchiopexy often is performed 
bilaterally and may be indicted even for the normal testes in 
patients who have had missed torsion. 

Severe testicular ischemia may be revealed by radionu- 
clide scanning or Doppler ultrasound (Fig. 20.16). If the 
torsion has been transient and brief, and has been reversed 
before the examination, radionuclide scan or Doppler ultra- 
sound may be normal. Later, dynamic scintigraphy demon- 
strates diminished perfusion of the torsed testis, and static 
images reveal a low-activity “cold” region in the scrotum 
that reflects the nonperfused testis. Scintigraphy is relatively 
accurate in making the diagnosis, but a “cold spot” in the 
scrotum may be produced by a hematoma, tumor, or hy- 
drocele, and differential diagnosis may require other exami- 
nations. Static ultrasound images may reveal an acutely 
torsed testis as inhomogeneous and hypoechoic, but it also 
may appear normal during the first few hours of torsion. 
Markedly diminished or absent intratesticular flow is 
demonstrated by Doppler studies. Diminished or absent 
flow may also be found in the ipsilateral testicular artery. 
Rarely, if there has been no infarction, spontaneous reversal 
of the torsion may produce a return of blood flow; there 


FIGURE 20.16. Acute testicular torsion. A: Transverse scrotal sonography shows the left testis to 
be slightly inhomogeneous and hypoechoic as compared with the normai right testis. B: Static 
scintigraphy demonstrates a “cold” defect in the region of the left testis (arrow). (From Amis ES 
Jr, Newhouse JH. Essentials of uroradiology. Boston: Little, Brown and Company, 1991, with per- 


mission.) 
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may even be transient testicular hyperemia demonstrable by 
Doppler ultrasound. Extratesticular findings of torsion in- 
clude enlargement of the epididymis, thickening of the scro- 
tal skin, and hydrocele; occasionally, a torsed testis may be 
accompanied by an extratesticular hematoma. 

MRI may reveal an enlarged spermatic cord in patients 
with testicular torsion, and the cord may produce a pattern 
revealing a knot or twisted “whirlpool” pattern. 

A missed torsion, while still evolving, may produce 
scintigraphic findings of a peripheral rim of increased activ- 
ity surrounding the cold spot of the infarcted testis. 
However, this finding is nonspecific, because it has been re- 
ported with tumor, trauma, and inflammation. Ultrasound 
usually reveals a chronic torsed testis to be small and 
echopenic. 


Appendage Torsion 


Occasionally, either the appendix testis or the appendix 
epidymis may undergo torsion. On ultrasound, this abnor- 
mality may appear as an echogenic structure adjacent to the 
superior pole of the testis near the pole of the epididymal 
head. Doppler ultrasound reveals the appendix as an avas- 
cular mass. A testicular radionuclide scan may suggest focal 
paratesticular hyperemia, which resembles that seen in epi- 
didymitis. 

Torsion of an appendage is self-limited, and surgery is 
unnecessary. 


UNDESCENDED TESTES 


The embryonal gonad descends to the internal inguinal 
ring. Descent through the inguinal ring is guided by the 
gubernaculum, which leads the testicle into the scrotum. 
This process occurs between the 34™ and 36" weeks of fe- 
tal life. Premature infants, therefore, have a high incidence 
(approximately 30%) of undescended testicle at birth; the 
incidence is about 3.5% in full-term babies, and sponta- 
neous descent after birth reduces the prevalence to only 
about 1% at the age of 1 year. Approximately 10% of cases 
of undescended testes are bilateral. Although 75% of the 
undescended testes are found in the inguinal canal, the de- 
scent may be arrested at any level, and the testicle may be 
found within the abdominal cavity from the kidneys to the 
pelvis. 


UNDESCENDED 


One-year-old babies 


Normal testicular development occurs only if the testicle 
is in the scrotum. Undescended testes are sterile and have a 
high incidence of malignant change, especially when they 
are within the abdomen. Consequently, orchiopexy usually 
is performed at about 1 year of age. In patients who are be- 
yond the age of puberty, an undescended testis usually is re- 
sected to avoid malignancy. 

The peak age of cancer in undescended testes is simi- 
lar to that in scrotal testes; and seminoma is the most com- 
mon tumor. The patients often lack specific symptoms, so 
tumors in undescended testes often are quite large (Fig. 
20.17). 

In many cases, the undescended testis lies high in the 
scrotum, is palpable, and does not require imaging. In some 
patients the testis is not fixed but retractile; and may vary in 
position from the scrotum to the external inguinal ring. 
Undescended testes that lie within the inguinal canal can be 
detected by ultrasound or CT. Intraabdominal testes may be 
imaged by CT, MRI, arteriography, or venography, but not 
infrequently elude imaging detection altogether. The most 
superior undescended testes are the rarest; retractile and in- 
guinal testes the most common. 

Ultrasound accurately localizes undescended testes in 
more than 90% of cases when the organ is in or near the in- 
guinal canal. The examination should begin with the scro- 
tum in order to identify the normal descended testis. On the 
abnormal side, the empty scrotum is examined, and the in- 
guinal canal, where the undescended testis is commonly 
found, should be scrutinized. The undescended testis is usu- 
ally smaller and more elongated than the normal testis, but 
has similar echogenicity. The mediastinum testis in the un- 
descended testis must be identified, because the bulbous end 
of the gubernaculum (pars infravaginalis gubernaculi) may 
be of similar size and echogenicity as the testis; only the 
identification of the mediastinum testis reliably identifies a 
structure as a testicle. 

The reported sensitivity of CT in the detection of unde- 
scended testes in or near the inguinal canal is excellent. An 


FIGURE 20.17. Seminoma in undescended testis. A huge semi- 
noma (s) was found in this man with an undescended left testis. 


FIGURE 20.18. Undescended testis. The right testis is seen (ar- 
row) in the inguinal canal. 


ovoid mass of soft issue density is seen along the line of tes- 
ticular descent (Fig. 20.18); the mass usually enhances very 
little with intravenous contrast administration. 
Intraabdominal testes may be missed by this modality and, 
for that matter, by all others. 

MRI also may be used to localize undescended testes. 
Cryptorchid testes have similar tissue signal intensities 
(medium to low on T1-weighted spin-echo examinations; 
bright on T2-weighted spin-echo examinations) as normal 
testes. 

Gonadal venography was used for many years to localize 
undescended testes. Identification of the pampiniform 
plexus permits identification of the testicular site, and a 
blind-ending internal spermatic vein suggests that the testis 
is absent. These criteria are not completely accurate, how- 
ever, as valves in the gonadal vein may prevent contrast 
medium from reaching the most terminal portion of the 
vein. Gonadal venography is now used only infrequently for 
localization of undescended testes. 


EXTRATESTICULAR SCROTAL PATHOLOGY 
Hernia 


Hernias containing structures normally found within the 
abdomen frequently extend through the inguinal canal into 
the scrotum. If the hernia contains fat, usually it can be de- 
tected by ultrasound or CT; however, the hernia may be dif- 
ficult to distinguish from a spermatic cord lipoma. If bowel 
loops are in the hernia, air or contrast medium may be seen 
within them on plain-film radiography (Fig. 20.19) or CT. 
On ultrasound, the intrascrotal portion of gut may be seen 
to undergo peristalsis and to contain air. 

If the bladder extends into the scrotum, it may be diag- 
nosed if the intrascrotal portion is opacified on urography, 
or if it can be seen to be continuous with the main portion 
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FIGURE 20.19. Inguinal hernia. Multiple loops of small bowel 
(arrows) are noted within the scrotum on a postvoid radiograph 
from an excretory urogram. 


of the bladder at CT. The ultrasound examination may be 
confusing, because the urine within the bladder may be dif- 
ficult to distinguish from a hydrocele. 


Hydrocele 


A hydrocele is an abnormal collection of fluid between the 
visceral and parietal layers of the tunica vaginalis. It may be 
congenital or acquired. A congenital hydrocele usually is 
caused by a patent communication between the peritoneum 
and the processus vaginalis. A hydrocele is not uncommon 
in premature infants, and may be demonstrated in the male 
fetus after 30 weeks gestation. Normally, the communica- 
tion closes and the hydrocele resolves late in gestation. A 
persistent hydrocele often indicates persistence of the com- 
munication, and may be associated with an inguinal hernia. 

Acquired hydrocele may be primary (idiopathic), in 
which case it usually is insidious in onset. Small hydroceles 
may be present in more than 60% of otherwise normal men. 
Hydroceles are less frequently secondary to inflammatory 
disease, tumor, or trauma. Hydroceles secondary to trauma 
also may contain blood and may be termed hematoceles; hy- 
droceles resulting from inflammation may contain pus. 

The common type of small idiopathic hydrocele (Fig. 
20.20) usually involves only a fraction of the testicular cir- 
cumference. A large hydrocele (Fig. 20.21) may surround 
the entire testis, but usually can be seen postero-laterally, 
where the tunica vaginalis invests the testis and epididymis. 
Occasionally, thin septae can be demonstrated within a hy- 
drocele. Low-level echoes may indicate blood, pus, or 
necrotic debris. 
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FIGURE 20.20. Hydrocele. Small hydroceles (arrow) are found in 
as many as 60% of normal males. 


Epididymal Cysts 


Epididymal cysts are caused by dilatation of the tubules in 
the epididymis. They often are small and multiple, but may 
range up to several centimeters in diameter. Epididymal 
cysts contain serous fluid and may occur anywhere within 
the epididymis. 


FIGURE 20.21. Hydrocele. A large hydrocele almost completely 
surrounds the testis. The appendix testis is seen (arrowhead) pro- 
jecting off the testis. 


Spermatoceles usually represent retention cysts of the small 
tubules in the epididymal head and may be loculated. They 
contain sperm-filled fluid thicker than that found in serous 
epididymal cysts. Both epididymal cysts and spermatoceles 
(Fig. 20.22) may be unilateral or bilateral, and usually are pal- 
pated as extratesticular masses posterior to the testes. Cystic 
replacement of the epididymis is rare, but has been reported 
after vasectomy. 

Ultrasound examinations show these lesions to be well-de- 
fined, anechoic structures with enhanced through-transmis- 
sion. They usually can be distinguished from hydrocele by 
their position. A hydrocele surrounds the testis, usually ante- 
riorly, whereas epididymal cysts and spermatoceles lie in the 
epididymis superior or posterior to the testis. Spermatoceles 
and epididymal cysts seldom can be distinguished from each 
other, but occasionally a spermatocele may have a few inter- 
nal echoes as a result of the presence of spermatozoa. 

Occasionally, spermatoceles may be associated with ectasia 
of the rete testes. This condition often is bilateral and appears 
ultrasonographically as a hypoechoic mass with some coarse 
internal echoes. The mass involves the mediastinum testis and 
extends to the border of the spermatocele. MR of the fluid in 
rete testis ectasia, spermatoceles, and epididimal cysts reveals 
signal intensity compatible with stationary nonhemorrhagic 
fluid in other cystic structures. 


Varicocele 


Varicoceles are dilated veins draining the testis. The dilation 
usually involves the pampiniform plexus, which is the main 
venous drainage of the testis, and also has been reported to oc- 


FIGURE 20.22. Spermatocele. A large cystic mass in the region 
of the epididymis is consistent with a spermatocele, but cannot 
be distinguished from an epididymal cyst. 


cur in the cremasteric plexus, which drains the epididymis 
and the scrotal wall. Primary varicoceles are idiopathic, 
whereas secondary varicoceles usually result from incompe- 
tent valves in the left spermatic (gonadal) vein. Rarely, they 
indicate left spermatic vein occlusion, such as may occur with 
extension of a renal tumor into the left renal vein. Ten to 
twenty percent of healthy men have a varicocele, and up to 
50% of men evaluated for infertility have varicoceles. Bilateral 
varicoceles are common in infertile men. The causal relation- 
ships between varicoceles and male infertility are not certain. 
Increased scrotal temperature, preferential drainage of renal 
or adrenal metabolites to the testis, testicular hypoxemia, and 
insufficient testicular hormone production all have been pos- 
tulated. Because many varicoceles in infertile men cannot be 
palpated, they should be sought with imaging. Doppler ultra- 
sound, spermatic venography, and radionuclide scanning 
have been proposed. Surgical varicocelectomy often is fol- 
lowed by an improvement in sperm quality and increased fer- 
tility. 

High-resolution, real-time Doppler ultrasound is an excel- 
lent method for demonstrating a varicocele. Small varicoceles 
may be made more visible by examining the patient in the up- 
right position or by the Valsalva maneuver in the supine po- 
sition. Small varicoceles may be demonstrated as serpentine, 
tubular, elongated anechoic fluid collections in the spermatic 
cord adjacent to the testis (Fig. 20.23). These veins usually 
measure more than 3 mm in diameter and should increase in 
caliber with a Valsalva maneuver. Doppler ultrasound may re- 
veal antegrade flow, stasis, or retrograde flow. The lesions and 
their component veins may be large. On occasion, varicoceles 
may mimic other multicystic extratesticular masses, such as 
spermatoceles, but demonstration of flow should remove 
nonvascular lesions from consideration. 


FIGURE 20.23. Varicocele. A serpiginous, fluid-containing struc- 
ture is consistent with varicocele. 
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Spermatic venography is reserved for men who require 
surgical intervention for varicocele-associated infertility or 
other symptoms. Because of the frequency of bilateral varic- 
oceles, both sides should be studied; either a transfemoral or 
transjugular approach can be used to catheterize the internal 
spermatic vein. The left gonadal vein drains into the left re- 
nal vein, whereas the right gonadal vein empties directly 
into the inferior vena cava slightly inferior to the renal veins. 
When the valves are incompetent, a hand injection of con- 
trast medium usually demonstrates retrograde flow down 
the spermatic vein into the pampiniform plexus and varico- 
cele. Anomalies in course and number are common. There 
may be collaterals through which contrast medium passes 
into the cremasteric vein, the vein of the vas deferens, or 
both, finally emptying into a common iliac vein and the in- 
ferior vena cava. 

Angiographic techniques permit occlusion of the internal 
spermatic vein as an alternative to surgical ligation. Agents 
used have included sclerosing solutions, stainless steel coils, 
compressed Ivalon (Ivalon Inc., San Diego, CA) plugs, and 
detachable balloons. The demonstration of multiple collat- 
erals occasionally makes angiographic techniques impracti- 
cal, but, if they are performed, the recurrence rate of varico- 
cele of approximately 10% is comparable to the rate that 
follows surgical ligation of the internal spermatic vein. 

Radioisotope examination with technetium-99-m 
pertechnetate demonstrates many clinically palpable varico- 
celes. The dynamic study provides an isotope angiogram 
demonstrating increased uptake into the varicocele. Stasis 
may be demonstrated by increased uptake in the late static 
images. There are sources of error with these techniques: 
there may be no blood pooling in the small subclinical varic- 
oceles, and the asymmetry that constitutes the abnormality 
may not be detectable in patients with bilateral varicoceles. 


Tumors 


Primary extratesticular neoplasms are exceedingly rare; in 
fact, a commonly cited principle of scrotal ultrasound is that 
intratesticular lesions are very likely to be tumors whereas 
extratesticular abnormalities are almost always benign. 
Nevertheless, very rare tumors may appear in the spermatic 
cord; these include liposarcomas and lymphomas, malig- 
nant fibrous histiocytomas, mesotheliomas and even 
melanomas. There are rare tumors of the epididymis; the 
most common of these is the adenomatoid tumor, which 
appears as a small solid echogenic mass. 


INFLAMMATORY LESIONS 
Epididymitis and Orchitis 


Epididymitis is the most common inflammatory process in 
the scrotum. Adolescents and middle-aged men, especially 
those who have undergone prostatectomy, are most com- 
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FIGURE 20.24. Epididymitis. Doppler ultrasound shows en- 
larged heterogeneous epididymis with increased flow. 


monly affected. The condition is rare in children. 
Epididymitis is accompanied by orchitis in a minority of 
cases. 

The most common pathogens causing epididymitis are 
Escherichia coli, Pseudomonas sp., Aerobacter sp., and gono- 
coccal urethritis, which may progress to the epipdidymis. 
The epididymis also may be infected by schistosomiasis and 
tuberculosis. Orchitis alone may be caused by the mumps 
virus or syphilis. 

Patients with acute epididymitis present with acute pain 
and tenderness in the scrotum. Fever, dysuria, or pyuria 
with urethral discharge may be present. It may be difficult 
to distinguish epididymitis from acute torsion, and rarely, 
patients with a testicular tumor may have a similar initial 
presentation. 


FIGURE 20.25. Orchitis. The testis is enlarged with decreased 
echogenicity. 


Ultrasound examination reveals that the head and body 
of the epididymis are enlarged and of altered echogenicity 
(Fig. 20.24). The echogenicity usually is decreased, but epi- 
didymitis also may present with hyperechoic regions in the 
epididymal head. The entire epididymis or only a part may 
be affected. Doppler evidence of increased flow may be seen 
in the epididymis. A reactive hydrocele often is associated. A 
focal region of very low or absent echoes suggests an epi- 
didymal abscess. 

When orchitis coexists with epididymitis, the testicle is 
enlarged and of reduced echogenicity (Fig. 20.25). Focal or- 


FIGURE 20.26. Testicular abscess. A: T1-weighted MRI with gaddinum reveals nonperfused re- 
gion in the right testis and low-intensity hydrocele. B: T2-weighted image. The abscess and hy- 


drocele fluid are bright. 


chitis is less common than involvement of the entire testis, 
but it may occur immediately adjacent to the inflamed epi- 
didymis, and occasionally may resemble a testicular tumor. 
The inflamed regions may display increased flow on 
Doppler examination. Focal areas of markedly reduced 
echogenicity within the testis indicate abscesses. Rarely, 
there may be gas within an abscess or region of severe orchi- 
tis. An abscess also may produce a hypoechoic nonperfused 
region on ultrasound, or a nonenhancing fluid collection on 
MRI (Fig. 20.26). After acute orchitis has resolved, the af- 
fected testis may atrophy. On radionuclide studies, in- 
creased perfusion through the spermatic cord vessels is visu- 
alized as linear or curved areas of increased activity in the 
region of the epididymis. A complication of severe acute epi- 
didymitis is ischemia of the testis, sometimes followed by in- 
farction, which is caused by compression of the testicular 
vessels from epididymal swelling. 

Chronic epididymitis, which may present clinically as a 
painless nodular mass on palpation, may appear relatively 
hypoechoic on ultrasound examination. 


Superficial Inflammation 


Occasionally, infection of the skin and superficial layers of 
the scrotum may be a complication of epididymoorchitis, or 
may result from infection or trauma to the scrotum that ex- 
tends deep to the skin. Ultrasound may help diagnose or ex- 
clude inflammation of the testis or epididymis in these cases. 


Fournier’s Gangrene 


A rare but fulminant necrotizing fasciitis of the penis, scro- 
tum, and perineum was described by Fournier in 1883. 
Predisposing conditions include malignancy, paraplegia, al- 


FIGURE 20.27. Fournier's gangrene. A plain radiograph of the 
pelvis demonstrates an air-filled scrotum outlining the testicles 
(arrows). 
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cohol abuse, or prolonged hospitalization. Approximately 
one half of the patients have diabetes mellitus. Most patients 
have had an underlying urinary tract infection, recent uro- 
logic instrumentation, or perirectal or colonic disease. 
Localized cellulitis leads to a diffuse inflammatory reaction 
within the deep fascial planes. The condition may progress 
rapidly to extensive gangrene. The diagnosis usually does 
not require imaging, but subcutaneous emphysema may be 
seen on plain radiographs (Fig. 20.27), ultrasound, or CT. 

Treatment includes vigorous antibiotic therapy and sur- 
gical debridement. 
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RENAL INJURIES 
Clinical Features 


Hematuria after blunt abdominal injury is common; signif- 
icant injury to the kidney, however, is relatively uncommon. 
Hematuria after penetrating injury is virtually always a sign 
of renal damage that requires evaluation. 

The amount of hematuria that should trigger radiologic 
investigation of the urinary tract after blunt trauma is con- 
troversial. Many authorities believe that any amount of 
hematuria should be investigated, because significant uri- 
nary tract injury may be present in patients with little or 
even no hematuria. Furthermore, there is little correlation 
between the degree of hematuria and the extent of renal in- 
jury present. An oft-cited example is patients suffering from 
renal pedicle injury in whom hematuria is said to be absent 
in 25% of the cases. 

As a result, screening studies of the urinary tract often are 
performed in virtually every patient after abdominal trauma. 
This low threshold for investigation has resulted in a rela- 
tively low yield for injury on radiologic screening studies. In 
a series of patients studied by McDonald et al. at a major 
trauma center, only 18 (9%) of 209 urograms performed for 
blunt trauma in patients with hematuria were considered 
abnormal. Similar results have been reported from other in- 
stitutions. 

For these reasons, other investigators have sought to re- 
fine the criteria that should lead to investigation. Guice et al. 
found that no significant renal injury would be missed had 


investigation been limited to those patients with gross or 4+ 
hematuria on dipstick urinalysis. Fortune et al. found that 
all but 1 of 20 patients with significant urographic abnor- 
malities had hematuria greater than 50 red cells per high- 
power field and that all of the renal injuries were associated 
with obvious abdominal injury. Similarly, Nicolaisen et al. 
found that significant renal injury was limited to the group 
of patients with gross hematuria or shock and microscopic 
hematuria among 306 patients analyzed retrospectively fol- 
lowing blunt trauma. There were no significant renal in- 
juries among the 221 patients who had microscopic hema- 
turia, but were not suffering from shock. In patients in the 
same series who suffered penetrating injuries, however, no 
such discrimination was possible, and the authors suggest 
radiologic evaluation be undertaken in all patients suffering 
penetrating injury and hematuria. These observations now 
have been confirmed in multiple additional studies both ret- 
rospectively and prospectively. Therefore, investigation of 
hematuria is warranted in those patients suffering penetrat- 
ing injury, gross hematuria, microscopic hematuria with 
shock, and those suspected of having major associated in- 
traabdominal injury. 

Other clinical findings associated with renal injury in- 
clude a flank mass or hematoma on physical examination; a 
soft-tissue mass on plain-film studies; a scoliosis of the lum- 
bar spine; and fractures of the lower ribs (Fig. 21.1), lumbar 
vertebral bodies, or transverse processes. Loss of the psoas 
shadow is a nonspecific finding on which significant injury 
cannot be reliably diagnosed or excluded. 
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FIGURE 21.1. A: Scout radiograph demonstrates multiple lower right rib fractures. B: Tomogram 
from an intravenous pyelogram (IVP) demonstrates a poorly defined renal outline, decreased con- 
trast excretion, and poor filling of the collecting system of the right kidney, indicative of a right 


renal injury. 


Most blunt renal injuries (75%) occur in patients suffer- 
ing multisystem trauma. In a series from Cass et al. (1985), 
241 of 831 patients had solitary renal injuries; however, the 
vast majority (98%) were minor injuries. Only five patients 
in the entire series suffered significant isolated renal injury. 
There were 33 significant renal injuries in the group of 590 
patients with hematuria who suffered multisystem trauma. 
Other injuries associated with injury of the kidneys after 
multisystem blunt trauma include, in order of decreasing 
frequency: fractures of the extremities, thoracic injury, 
pelvic fracture, intraabdominal injury, head injuries, and di- 
aphragmatic rupture. The liver and spleen are the abdomi- 
nal organs most commonly associated with renal injury, fol- 
lowed by the pancreas, the colon, and the small bowel. 
Studies have shown a strong association between the pres- 
ence of gross hematuria and nonurologic intraabdominal in- 
jury as well following blunt trauma. Knudson et al. found 
that 24% of patients with gross hematuria after blunt 
trauma had a significant intraabdominal injury; this in- 
creased to 65% when shock also was present. 

In most series, blunt trauma accounts for 80% of all re- 
nal injuries, but the incidence reported depends on the re- 
ferral pattern of the reporting institution. Approximately 
three fourths of the reported renal injuries occur in men 
younger than 50 years of age. Motor vehicle accidents ac- 
count for about one half of the reported cases; falls, alterca- 
tions, industrial accidents, and sports injuries comprise the 
remainder. 


Penetrating renal injuries fall into two categories: (a) 
those related to gunshot wounds and (b) those related to 
stabbings. Limited posterior stab wounds that do not pene- 
trate the renal fossa are managed conservatively by many 
surgeons. In the remainder, the mere demonstration that 
the kidney is in the path of the injury or the presence of 
hematuria is an indication for surgical exploration. More 
than 80% of gunshot wounds of the kidney are associated 
with other abdominal injuries, usually of the bowel, the 
pancreas, the diaphragm, or the liver and spleen. 


Anatomy and Mechanism of Injury 


The kidney is relatively protected from injury by the rib 
cage, the vertebral column, and the psoas muscles. The fas- 
cial coverings of the kidney and the retroperitoneal fat pro- 
vide additional protection. Injury of the lower ribs or the 
vertebra is associated with a higher incidence of renal injury; 
an injury to the spleen frequently accompanies injury to the 
left kidney (Fig. 21.2), whereas a liver injury accompanies 
injury of the right kidney (Fig. 21.3). Bleeding from renal 
injuries frequently is self-limiting, because Gerota’s fascia 
provides a tamponade effect. 

Bleeding within the renal parenchyma results in an in- 
trarenal hematoma. Bleeding that occurs between the renal 
parenchyma and the renal capsule is a subcapsular 
hematoma. If the capsule also is torn, hemorrhage confined 
by Gerota’s fascia is termed a perinephric hematoma. 
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FIGURE 21.2. A: Computed tomography (CT) scan through the upper abdomen demonstrates 
multiple splenic lacerations. A small perinephric hematoma surrounding the upper pole of the left 
kidney also is seen. B: CT through the midportion of the left kidney shows multiple renal lacera- 


tions with a large perinephric hematoma. 


Rarely, hemorrhage also may extend beyond Gerota’s fascia 
within the retroperitoneum. 

Blunt injuries of the kidney occur as a result of a direct 
blow to the flank or from deceleration. With a direct blow, 
the kidney is crushed, causing a laceration or lacerations of 
the renal parenchyma that result in subcapsular, intrarenal, 
or perinephric hematomas. With a deceleration injury, acute 
tension on the renal pedicle may produce a laceration of the 
renal vein or artery, an intimal tear in the vessel that gener- 
ally results in secondary thrombosis, or rarely laceration or 
avulsion of the ureteropelvic junction (UPJ). Penetrating in- 
jury usually results in direct injury of the renal parenchyma, 
the vascular pedicle, or the collecting system. 

In patients with a preexisting renal abnormality, rela- 


tively minor trauma may cause disproportionate symptoma- 
tology that brings the patient to medical attention. Such un- 
derlying conditions include calculi, tumors, cystic disease, 
and some congenital conditions, including UP] obstruction 
and horseshoe kidney. 

Iatrogenic renal injuries may occur either from renal 
biopsy or percutaneous nephrostomy placement. Both may 
result in bleeding (subcapsular or perinephric hematoma) or 
in AV fistula formation. 


Diagnostic Approach to Imaging Renal Trauma 


The imaging evaluation of suspected urinary tract injury de- 
pends not only on the types of injuries the patient has likely 


FIGURE 21.3. A: Computed tomography (CT) scan through the upper abdomen demonstrates a 
large liver laceration (arrows). B: CT section at the level of the kidneys demonstrates absent en- 
hancement of the right kidney as a result of segmental renal infarction. A hemoperitoneum also 


is present. 
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suffered, but the philosophy of the attending physicians, lo- 
cal practice, and the equipment and support available. 
Moreover, evaluation of the renal injury cannot be carried 
out isolated from the evaluation of other suspected intraab- 
dominal injuries. A variety of different approaches to a given 
patient therefore may be acceptable. 

As a rule, evaluation of the lower urinary tract should 
precede evaluation of the upper urinary tract, when both are 
indicated. In male patients, therefore, urethrography should 
precede cystography; these examinations should be per- 
formed before an evaluation of the kidney. If CT is to be 
performed for other reasons, CT cystography as described 
later in this chapter may be used to evaluate possible blad- 
der rupture. 

There is diversity of opinion regarding the value of CT of 
the abdomen as a screening study for suspected intraab- 
dominal injury. Some trauma surgeons still regard diagnos- 
tic peritoneal lavage (DPL) as the method of choice for the 
detection of intraperitoneal hemorrhage. DPL is sensitive, 
easy to perform, and universally available; however, it does 
not differentiate inconsequential bleeding from that which 
requires laparotomy and more importantly, it cannot detect 
the site of the bleeding. Furthermore, DPL does not detect 
retroperitoneal injuries and generally is not performed in 
children (because of the risk of injury to the bladder), those 
who have had previous laparotomy (because intraabdominal 
adhesions may cause false-negative results), and in those 
with retroperitoneal hematomas as a result of pelvic frac- 
tures (because of potential false-positive results). More re- 
cently, screening 6 quadrant ultrasound has been advocated 
as a noninvasive replacement for DPL for detecting 
hemoperitoneum. European investigators have reported a 
high sensitivity and specificity for the detection of free in- 
traperitoneal fluid. The principal advantage of ultrasound is 
that it can be performed in the trauma room while other re- 
suscitative and therapeutic maneuvers are being undertaken. 
Significant limitations of ultrasound are that it is operator 
dependant, provides only limited evaluation of potential re- 
nal injuries, and offers no functional information. 

Computed tomography (CT) is much more specific than 
DPL for both intraperitoneal and retroperitoneal injuries 
and most importantly can differentiate trivial injuries from 
those requiring exploration. CT is, however, not universally 
available on an immediate basis, is expensive, and is reported 
to be less sensitive than DPL for the detection of injuries to 
the bowel or mesentery. 

Urography, which has traditionally been used as a screen- 
ing study for renal injury, is less sensitive and less specific 
than CT; however, urography yields sufficient information 
to guide urologic management in the vast majority of pa- 
tients. Cass et al. found no patients with a renal injury 
greater than renal contusion among blunt trauma patients 
with normal urograms. The preference for the use of urog- 
raphy as a screening study for renal injuries is predicated on 
the fact that urography is readily available, inexpensive, re- 


quires no special equipment and, when normal, except after 
penetrating injury, obviates the need for further evaluation. 

In patients who are hemodynamically unstable, little 
time is available to study the status of the urinary tract. A 
single view of the abdomen after a large dose of intra- 
venously administered contrast medium (“one-shot IVP”) 
generally is all that can be obtained; such a study is insuffi- 
cient to diagnose most renal injuries, but can be used to give 
information about the gross functional status of the kid- 
ney(s). Similarly, most patients suffering from an anterior 
gunshot wound of the abdomen will require surgical explo- 
ration; the goal of imaging in such cases is to establish the 
presence of gross bilateral renal function. The renal injury 
will be assessed intraoperatively. The value of these limited 
“one-shot” studies in unstable patients has been questioned; 
a retrospective review of 239 such studies showed that the 
urographic assessment of contralateral renal function played 
no role in the management of the renal injury. The authors 
of this study felt that delaying definitive therapy merely to 
obtain the urographic study was not justified. 

Assessment of the nature and extent of the renal injury 
therefore is most important in those patients in whom there 
will be an attempt to avoid exploratory surgery. In hemody- 
namically stable patients being assessed for wide-impact 
blunt injury in a major trauma center where CT is available 
immediately, this goal can be met most efficaciously by ab- 
dominal and pelvic CT. In smaller institutions, where there 
would be a significant delay in obtaining a CT examination, 
it is acceptable to use DPL or ultrasonography (US) to assess 
the intraperitoneal viscera and high-dose urography, prefer- 
ably with tomography, to assess the kidneys. In patients who 
are unstable and must be taken to the operating room as 
quickly as possible, ultrasound should be used to assess for 
hemoperitoneum but gives insufficient information for 
management of retroperitoneal injuries. 

In patients who have suffered penetrating injury, urogra- 
phy is not sufficiently sensitive to reliably exclude significant 
injury; therefore, CT should be performed as a first-line 
study. Wilson and Ziegler found renal injuries that required 
surgery in one third of such patients whose urograms were 
thought to be normal. In Bergren’s series, 9 of 12 patients 
whose urograms were thought to be normal had “serious re- 
nal pathology” after penetrating injury. However, many of 
the urograms in this series were performed with a low dose 
of contrast medium or were limited to a single radiograph. 
Some urologists argue that CT is unnecessary, because they 
believe that all such patients should have renal exploratory 
surgery. In such cases, the goal of imaging is similar to that 
in unstable patients (i.e., to exclude an abnormality of the 
contralateral kidney). In patients with limited posterior stab 
wounds, however, CT is the method of choice for assess- 
ment because exploratory surgery is not mandatory. 

The patient with suspected isolated blunt renal injury is 
the most controversial. Most such patients do not have evi- 
dence of multisystem trauma, but are suspected of renal in- 


FIGURE 21.4. Diagnostic evaluation of blunt abdominal trauma. 


jury only because of hematuria. Since the incidence of sig- 
nificant renal injury in this group of patients is low; many 
authorities believe that if imaging is indicated, urography is 
the study of choice, because a significant injury is unlikely to 
be overlooked. In all patients in whom urography suggests 
an abnormality, CT should be performed for further assess- 
ment unless hemodynamic instability necessitates immedi- 
ate surgery. 

The diagnostic approach to patients suffering multisys- 
tem blunt trauma is presented in Figure 21.4. 


Radiologic Examination 
Excretory Urography 


Urography for suspected renal injury should be with a 
higher dose of contrast medium than might be used for an 
elective study to compensate for the large volume of fluid 
such patients generally receive. A contrast dose as high as 1 
mL/Ib may be needed for a satisfactory study. Tomography 
is a valuable adjunct in such patients and should be used 
whenever feasible. A scout radiograph is mandatory. 
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Computed Tomography 


CT should be performed with a short scan time to minimize 
respiratory motion. A continuous acquisition technique is 
desirable. In general, precontrast scans yield too little addi- 
tional information to be of routine value. If contrast 
medium has been administered more than 1 hour before the 
start of the study (i.e., for a preceding urogram), an addi- 
tional bolus of contrast material should be used. A series of 
delayed scans to visualize the collecting system is necessary 
(Fig 21.5) unless urography has preceded the CT study. 

The accuracy of CT staging of renal injuries has been 
compared with other imaging studies in several retrospective 
series. Cass and Vieira report that CT provided diagnoses in 
22 cases of suspected severe renal injuries, while urographic 
findings were indeterminate in 82% of the cases. Bretan et 
al. studied 85 patients with renal injuries using CT and a va- 
riety of other imaging techniques. Blunt trauma accounted 
for 87% of their cases, while the remainder were secondary 
to penetrating injury. In 33 patients who subsequently un- 
derwent laparotomy, the CT diagnoses were confirmed. In 
contrast, the most common finding on urography, dimin- 
ished opacification, was found to be unrelated to the sever- 
ity of the injury found at surgery. In the same series, an- 
giography was found to have appreciably understaged the 
severity of the injury in 1 of 5 patients in whom this proce- 
dure was employed. In addition, CT has a great impact on 
the management of renal injuries; Erturk et al. reported that 
early CT evaluation allowed confident nonoperative man- 
agement in 17 of 22 patients with renal injuries. Federle et 
al. have reported equally favorable results using CT in pa- 
tients suffering penetrating renal injuries. 


Angiography 


The use of angiography in the evaluation of renal injuries 
has significantly declined since the advent of CT. 


FIGURE 21.5. A: Nephrographic phase computed tomography (CT) image shows a large amount 
of fluid surrounding the left kidney. B: An excretory phase image shows perinephric urinary ex- 
travasation from a laceration extending into the collecting system. 
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Angiographic assessment of renal injuries may be carried 
out by a variety of techniques. Film aortography or intraar- 
terial digital subtraction aortography is sufficient for diag- 
nosis of injury of the main renal artery; however, for precise 
demonstration of intrarenal vascular injuries, selective renal 
angiography is required. 

Angiography is the only method capable of confidently 
identifying certain traumatic lesions such as arteriovenous 
fistulae and pseudoaneurysms, and provides definitive diag- 
nosis of traumatic arterial thrombosis and infarcts. The ex- 
tent of the collateral vascular supply to the injured 
parenchyma can be directly evaluated. In addition to diag- 
nosis, angiography provides a method by which traumatic 
renal hemorrhage can be directly diagnosed and treated 
through transcatheter embolization (Fig. 21.6). 

The disadvantages and limitations of angiography must 
be recognized. The technique is invasive, time-consuming, 
expensive, and carries far greater risk of complications than 
do the noninvasive techniques. Some injuries, particularly 
perinephric hematomas, either anterior or posterior to the 
kidney, may be grossly underestimated. Thus, angiographic 
evaluation of renal injuries is best suited to the evaluation of 
suspected late complications of renal injury and in those 
acute patients in whom transcatheter therapy of renal injury 
is anticipated. 


Ultrasound 


In the United States, US plays a limited role in the acute 
evaluation of renal trauma patients. Acute perinephric 
hematomas may be difficult to detect because echogenic 
blood in the retroperitoneum may be difficult to-distinguish 
from echogenic perinephric fat. As hematomas liquefy, 
however, they become more readily visible. For this reason, 
US is useful to follow injuries that have been identified on 
CT in cases where it is desirable to limit radiation exposure 


to the patient. Thus, US is useful particularly in the follow- 
up of renal injuries in children. In Europe, US is used more 
extensively because of its widespread accessibility and the 


limited availability of CT. 


Magnetic Resonance Imaging 


The role of magnetic resonance imaging (MRI) in trauma 
patients is limited, particularly in the acute setting. Follow- 
up imaging of documented acute injuries on CT may be 
performed in patients whose renal function has deteriorated 
sufficiently to preclude administration of iodinated contrast 
material. In the same setting, MR may be used to assess the 
vascular integrity of the kidney and the integrity of the renal 
collecting system. The ability to display images in both the 
sagittal and coronal planes also may be of benefit assessing 
the true extent of injury. 


Radionuclide Scanning 


Radionuclide scanning of the kidneys after trauma has been 
used to detect suspected renal injury as an alternative to 
urography. Such studies may be performed with either tech- 
netium-99m diethylenetriaminepentaacetic acid (°™Tc- 
DTPA), technetium-99m-mercaptoacetyltriglycine ?°™Tc- 
MAGs), or ??™Tc-glucoheptonate. For the detection of 
renal injury, perfusion studies should be acquired by com- 
puter for the first 1 minute, followed by immediate static 
images and a series of delayed static images. Views acquired 
with a pinhole collimator give the highest spatial resolution 
and are helpful in detecting major renal lacerations. 

One advantage of radionuclide scanning is the ability to 
acquire images even in relatively uncooperative patients and 
children. Radionuclide studies also are of value in patients 
with known sensitivity to contrast media. Radionuclide scan- 
ning should not be used in patients with a nonvisualized kid- 


FIGURE 21.6. Traumatic renal hemorrhage. A: Arterial phase study shows frank bleeding from a 
laceration of a lower segmental artery (arrow); B: After embolization with Gelfoam (Upjohn, 


Kalamazoo, Ml), the bleeding is controlled. 


ney on urography, because this study cannot differentiate a 
congenitally absent kidney from renal artery thrombosis. 
Analysis of the radionuclide perfusion curve in patients 
with renal injuries demonstrate a decrease in the kidney- 
peak-to-plateau ratio and a delay in the peak activity in the 
kidney when the renal curve is normalized to that of the 
aorta. Static imaging reveals diminished uptake and excre- 
tion of the radiopharmaceutical in the affected kidney. 
Studies reported in the literature have suggested that ra- 
dionuclide imaging has a higher sensitivity than does urog- 
raphy for the detection of renal injuries. As with urography, 
the specificity of an abnormal radionuclide study is low. 


Classification 


Since there is no one uniformly applied classification of re- 
nal injuries, comparison of data among published series can 
be difficult or even misleading. This is a particular problem 
when one attempts to compare data from one series in 
which patients are classified according to surgical findings to 
another series in which the patients have been classified 
based on radiologic examination. It is preferable, therefore, 
to use a functional classification in which injuries are 
grouped according to the severity of the injury and its ther- 
apeutic implication rather than by using descriptive termi- 
nology, the criteria of which are more subjective in nature. 
The system most widely used in the radiology literature 
(Fig. 21.7 and Table 21.1) is described as follows. 


Minor injuries (Category I) 


Minor injuries may be treated expectantly and rarely require 
surgical intervention. They are the most common form of 
renal injury, comprising 85% of injuries in most series. In 
patients suffering isolated renal injuries, minor injuries con- 
stitute an even higher percentage of the injuries. In those 
suffering multisystem trauma, minor injuries still account 
for 75% of the total. The vast majority of minor renal in- 
juries consist of small to moderate intrarenal hematomas 
that also are called renal contusions (Fig. 21.8). Other in- 
juries included in this group include small subcapsular (Fig. 
21.9) or perinephric hematomas, small cortical lacerations 
(Fig. 21.10), subsegmental renal infarcts, and rarely pyelos- 
inus extravasation associated with blunt injury. In general, 
these injuries do not involve a break in the renal capsule. 

Traumatic pyelosinus extravasation may occur from mi- 
nor injuries or may be demonstrated in patients with preex- 
isting renal calculi that become lodged in the UPJ following 
injury. It also may occur in patients with congenital renal 
anomalies, such as horseshoe kidney or UPJ obstruction. In 
patients with no detectable underlying abnormality, it is as- 
sumed to be caused by transient obstruction of the ureter, 
possible by a blood clot. 

Most commonly, the results of urography are normal in 
patients suffering from minor renal injuries. When abnor- 
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FIGURE 21.7. Radiologic classification of renal injuries. 


mal, however, urographic findings include delayed opacifi- 
cation, incomplete visualization of the renal outlines, dis- 
placement of the kidney, poor or incomplete calyceal filling 
(Fig. 21.1), a diminished nephrogram that might be seg- 
mental, as well as nonvisualization of the affected kidney. 
These findings, however, generally are nonspecific, and ad- 
ditional studies often are required to define the specific re- 
nal injury that is present. 


TABLE 21.1. CLASSIFICATION OF BLUNT RENAL 
INJURIES 


Category Disease Extent 


l Small intrarenal (“contusions”) or subcapsular 
hematomas, lacerations, subsegmental cortical 
infarcts 

i Deep cortical lacerations with or without 
involvement of the collecting system; segmental 
infarcts 

Il Catastrophic renal injuries including multiple 
lacerations, shattered kidney, or vascular 
injuries involving the renal pedicle 

IV Avulsion of the ureteropelvic junction 
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FIGURE 21.9. A large subcapsular hematoma is present on the 
lateral aspect of the left kidney. 


FIGURE 21.8. Intrarenal hematoma. Computed tomogra- 
phy (CT) shows subtle low attenuation foci in the left kid- 
ney representing intrarenal hematoma. 


On ultrasound, intrarenal hematomas are seen as poorly 
marginated areas of decreased echogenicity within the cor- 
tex (Fig, 21.11). 

On CT, intrarenal hematomas (Fig. 21.8) are seen as 
rounded or ovoid, poorly marginated areas of decreased at- 
tenuation within the renal parenchyma; in some cases, the 
small intrarenal lacerations with which they are associated 
may be visualized extending into the hematoma itself (Fig. 
21.10). Subcapsular hematomas appear as rounded or ellip- 
tical areas of decreased attenuation located between the re- 
nal cortex and the renal capsule (Figs. 21.9 and 21.12). Such 
hematomas indent the renal margins because of their sub- 
capsular location. Perinephric hematomas are located be- 
tween the renal capsule and Gerota’s fascia and usually are 
associated with an intrarenal hematoma (Fig. 21.13). 
Perinephric hematomas may be quite large and may extend 
inferiorly into the true pelvis following the cone of renal fas- 
cia, may displace the kidney anteriorly, or occasionally may 
be quite localized and simulate a subcapsular collection. 


FIGURE 21.10. Renal laceration with intrarenal hematoma. A: Computed tomography (CT) 
through the right kidney shows an intrarenal hematoma (H). More caudal section (B) shows two 
small lacerations (arrows) and a small perinephric hematoma. 


FIGURE 21.11. Intrarenal hematoma. Longitudinal ultrasound 
shows decreased echogenicity in the area of the hematoma and 
slight anterior displacement of the lower pole of the right kid- 
ney. 


FIGURE 21.12. Subcapsular hematoma. A moderate subcapsular 
hematoma is compressing the left renal margin. 
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The attenuation coefficient of these hematomas depends 
on their age, with acute hematomas having a higher attenu- 
ation value than unenhanced renal parenchyma (Fig. 
21.14). With time, their attenuation value decreases owing 
to liquefaction of the clot. In addition, the measured atten- 
uation value of these perinephric hematomas may be lower 
than expected, reflecting their tendency to infiltrate the nor- 
mal perinephric fat. This tendency also may produce a 
streaked or bubbled appearance in the retroperitoneum that 
should not be confused with abscess. 


Intermediate injuries (Category II) 


Intermediate injuries constitute approximately 10% of the 
cases or renal injury. They usually are managed conserva- 
tively but may, on occasion, require surgical intervention, 
particularly if clinical deterioration develops. Injuries in this 
category include major renal lacerations that extend beyond 
the renal capsule, with or without involvement of the renal 
collecting system. These lacerations, which when distracted 
are termed “fractures,” may be sufficiently large to be visible 
radiographically or at the time of surgical exploration. 
Extensive perirenal hematomas usually are present, and if 
the laceration involves the collecting system, demonstrate 
extravasation of contrast medium on radiologic examina- 
tion. Vascular injuries involving the segmental renal vessels 
usually are included in this category 

On urography, a cleft in the renal parenchyma may be vi- 
sualized. Extravasation of contrast medium (Fig. 21.15) 
generally indicates that the laceration has extended into the 
renal collecting system, but also may be present with avul- 
sion of the UPJ, particularly if the extravasation is medial to 
the renal pelvis. 


FIGURE 21.13. Perinephric hematoma. A: Computed tomography shows a large perinephric 
hematoma filling Gerota’s fascia. The lateral margin of the right kidney (k) is compressed, thereby 
simulating a subcapsular collection. A small renal laceration also is present (arrow). B: Transverse 
sonogram also shows the large perinephric collection (arrows). 
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FIGURE 21.14. Large subcapsular hematoma. A: Precontrast scan shows high-density blood ad- 
jacent to left kidney, indicating acute hemorrhage. On the postcontrast study, (B), a relatively 


thick rind is seen surrounding the hematoma. 


FIGURE 21.15. Intravenous pyelogram (IVP) demonstrates obvi- 
ous contrast medium extravasation from the left kidney. At 
surgery, a major laceration with involvement of the collecting 
system was present. 


FIGURE 21.16. Renal laceration. A large renal laceration is pre- 
sent in the left kidney associated with a moderate perinephric 
hematoma. 


The diagnosis of major lacerations (Fig. 21.16) can be 
made on CT when a hematoma-filled cleft that extends 
through the renal capsule is visualized in the renal 
parenchyma. If the laceration extends into the renal collecting 
system, extravasation of opacified urine into the lateral per- 
inephric space also will be present (Fig. 21.17). If the lacer- 
ated segment has become devitalized, this portion of the kid- 
ney will not enhance after contrast administration. Because 
this segment is surrounded by hematoma and does not en- 
hance, it may be difficult to appreciate as a separate fragment. 

Major renal lacerations (Fig. 21.18) demonstrate a well- 
defined cleft in the nephrogram on angiographic examina- 
tion. The degree of displacement of the lacerated segment 
and its viability can be assessed by an analysis of the nephro- 
gram at the fracture margins. 

Traumatic arteriovenous fistulae almost always result 
from penetrating renal injury. The vast majority occur after 
percutaneous renal biopsy, are not hemodynamically signif- 
icant, and close spontaneously. Clinically, symptomatic le- 
sions may present with hypertension, evidence of left heart 
failure, or an audible bruit on physical examination. On an- 
giography, opacification of the large draining veins is visible 
during the arterial phase of the study. The draining vein 
usually is saccular in appearance; with hemodynamically sig- 
nificant lesions, there may be decreased nephrographic 
staining and evidence of renal ischemia. 

Traumatic arterial pseudoaneurysms are rare injuries that 
almost always occur after penetrating trauma. While the di- 
agnosis may be suspected by CT, definitive diagnosis re- 
quires angiography (Fig 21.19). 

Occlusion of a segmental renal vessel is the most com- 
mon vascular injury of the kidney after blunt renal trauma. 
Such occlusion results in segmental renal infarction. In the 
past, when this injury has been diagnosed, some authors 
have advocated partial nephrectomy or attempted revascu- 
larization out of concern that it might result in the subse- 


FIGURE 21.17. Renal laceration with ex- 
tension into the collecting system. A: 
Intravenous pyelogram (IVP) shows contrast 
extravasation that obscures lower pole ca- 
lyces, (B) and (C), Postcontrast computed 
tomography shows a distracted renal lacer- 
ation (fracture) that extends into the col- 
lecting system with contrast extravasation 
into the perinephric space. 
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FIGURE 21.18. Selective right renal angiogram demonstrates a 
major laceration involving the midportion of the kidney. The 
lower pole is completely devitalized with traumatic occlusion of 
the lower pole segmental artery (arrow). A segmental infarct in- 
volving the upper pole (arrowhead) also is seen. 
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FIGURE 21.19. Post-traumatic pseudoaneurysm. A: A selective right renal arteriogram demon- 
strates a traumatic pseudoaneurysm in the lower pole of the kidney in a patient who suffered a 
stab wound. B: Following Gelfoam (Upjohn, Kalamazoo, MI) embolization, the pseudoaneurysm 
no longer is present. A subsegmental renal infarct also is present in the upper pole. 


quent development of hypertension. Bertini et al. studied 24 
patients with segmental arterial occlusions demonstrated by 
angiography and found, that while transient hypertension 
was common initially, none of the 10 patients followed for 
up to 5 years suffered sustained blood pressure elevation. 
Similarly, Cass et al. studied seven patients who survived re- 
nal pedicle injuries for up to 7 years after injury; no sus- 
tained hypertension was reported. 

On CT, infarcts appear as sharply demarcated, wedge- 
shaped areas of diminished or absent contrast enhancement 
that extend to the renal cortex (Fig. 21.20). If the capsular 
blood supply remains intact, perfusion of the outer layer of cells 
results in enhancement of the cortical rim. Most commonly, 
segmental or cortical infarcts are not associated with a per- 
inephric hematoma, thereby helping to distinguish them from 
intrarenal hematomas. The sensitivity of CT for the detection 
of such injuries can be enhanced with the use of early phase 
scanning (Fig. 21.21). Indeed, the ability of CT to reliably dis- 
tinguish these injuries from hematomas depends on the con- 
trast enhancement provided by the bolus of contrast medium. 
If there has been too long an interval between the contrast ad- 
ministration and the CT study, their sharply marginated ap- 
pearance will be lost because of collateral circulation. 

Segmental renal infarcts are demonstrated on angiogra- 
phy as wedge-shaped areas of absent vascular perfusion. The 
occluded artery responsible for the infarct usually can be 
identified by its sharply cut-off appearance (Fig. 21.20). 
Collateral vascular supply through capsular branch vessels 
also may be identified angiographically. 


On radionuclide studies, renal lacerations may be visual- 
ized as photon-deficient areas in the renal parenchyma. A lac- 
eration that extends into the collecting system may demon- 
strate an area of tracer activity outside the kidney, indicating 
extravasation of urine. Renal infarcts may be diagnosed as 
photon-deficient areas in the renal parenchyma, but differen- 
tiation of this injury from intrarenal hematomas is difficult. 
Large perinephric hematomas may be visualized as pho- 
topenic defects adjacent to the kidney. Urinomas also are pre- 
sent as photopenic areas; however, on delayed images, such 
areas accumulate activity indicating their uriniferous nature. 


POST-TRAUMATIC CONTRAST MATERIAL 
EXTRAVASATION 


Common 

m Renal parenchymal laceration extending into 
collecting system 

Uncommon 

m Post-traumatic pyelosinus 

m UPJ laceration or avulsion 


Major injuries (Category llI) 


Major injuries, which account for approximately 5% of 
all renal injuries, virtually always require surgical explo- 
ration or radiologic intervention, because of a threat to the 
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FIGURE 21.20. Segmental infarct. A: Computed tomography demonstrates a sharply marginated 
area of absent contrast enhancement in the left kidney. There is no associated perinephric 
hematoma. B: Selective left renal angiogram shows an amputated upper segmental artery (ar- 
row). (From Sandler CM, Toombs BD. Computed tomographic evaluation of blunt renal injuries. 


Radiology 1981;141:461, with permission.) 


viability of the kidney or because of life-threatening hemor- 
thage. In such situations, immediate surgical exploration 
and nephrectomy or transcatheter embolization frequently 
is necessary. Major renal injuries include multiple renal lac- 
erations or injury of the renal pedicle including avulsion or 
laceration of one or more of the renal veins (Fig. 21.22), and 
thrombosis or laceration of the main renal artery. With mul- 
tiple lacerations (Fig.21.23), large perinephric hematomas 
are common, and the tamponade effect of the renal fascia 
may be lost if it also is torn. Multiple devitalized segments 
of renal parenchyma may be present and active extravasation 


of contrast material indicative of active bleeding may be pre- 
sent (Fig. 21.24). 


Traumatic Renal Infarction 


Traumatic renal artery thrombosis is reported to occur in 
approximately 3% of patients suffering renal injuries. The 
injury occurs as a result of a contrecoup tearing of the intima 
of the renal artery in patients suffering acute deceleration. 
The resulting intimal flap causes thrombosis of the renal 
artery. The injury generally occurs in patients suffering a fall 


FIGURE 21.21. A: Large segmental infarct. Computed tomography (CT) shows a large area of ab- 
sent contrast enhancement corresponding to the posterior segmental branch of the right renal 
artery. B: Follow-up CT 2 years later shows scarring in the distribution of the infarct. 
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FIGURE 21.22. Traumatic renal vein laceration. A: Initial computed tomography (CT) scan shows 
a moderate right perinephric hematoma with compression of the lateral margin of the kidney. 
B: Three days later, after a further drop in the patient’s hemoglobin, a repeat study shows a marked 
increase in the size of the collection. At surgery, a laceration of the right renal vein was found. 


FIGURE 21.23. Major renal injury. A: A computed tomography (CT) section through the upper 
pole of the right kidney shows absent perfusion. High-density blood is present in the perinephric 
space (curved arrows). High-density contrast-enhanced blood is present in the collapsed right re- 
nal vein because of slow flow (arrow). B: The perfused portion of the kidney is displaced anteri- 
orly by a large perinephric hematoma. 


FIGURE 21.24. Major renal injury. A shattered right kidney with 
active arterial bleeding (curved arrows) is present. 


from a height or as a result of an auto-pedestrian accident. 
While gross or microscopic hematuria often is present, Cass 
et al. reported the absence of hematuria in as many as 25% 
of patients. 

The majority of patients suffering global renal infarction 
eventually develop irreversible loss of renal function and 
parenchymal atrophy. There are, however, isolated reports 
of spontaneous recovery of some renal function. In such 
cases, it is presumed that collateral renal circulation has pre- 
served a smal! amount of functioning parenchyma. 

On urography, the unilateral absence of excretion (Fig. 
21.25) suggests the diagnosis. Stables studied 23 patients 
(20 after blunt trauma) who exhibited unilateral excretion 
on urography after abdominal injury and found that, in 17 
cases, the cause for this finding was traumatic occlusion of 
the main renal artery. Renal agenesis was found to be re- 
sponsible in only three patients. Stables concluded that, 
when such a finding is encountered in a patient who has suf- 
fered abdominal injury, a renal artery injury is the most 
likely etiology. Cass and Luxenberg reported a series of 53 
patients (47 after blunt trauma) in whom similar findings 
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were present on urography. In their series, traumatic occlu- 
sion of the renal artery was present in 16 patients; the final 
diagnosis in the remaining patients were parenchymal lacer- 
ation (12), renal rupture (12), renal contusion (8), branch 
arterial injury (1), and renal vein laceration (4). 
Thrombosis of the main renal artery results in complete 
absence of contrast enhancement on CT when studied 
shortly after injury (Fig. 21.26). In some cases, and espe- 
cially in those in whom the diagnosis of pedicle injury is de- 
layed, a rim of enhancement in the outer renal cortex may 
be present (“cortical rim sign”) owing to circulation from 
capsular and collateral vessels (Fig. 21.25). There also may 
be enhancement of the wall of the renal pelvis as a result of 
collateral flow through periureteric vessels. Similar findings 
frequently are present in patients with nontraumatic renal 
infarction. In the majority of patients with this injury, there 
will be no evidence of a perinephric or subcapsular 
hematoma, unless this injury has been caused. by a penetrat- 
ing wound or is associated with injury of another organ. 
Retrograde opacification of the renal vein of the affected 
kidney has been reported as a secondary sign of this injury, 


FIGURE 21.25. Traumatic occlusion of the renal artery. A: 
Intravenous pyelogram (IVP) demonstrates no visible excretion 
from the left kidney. B: Computed tomography shows only a 
rim of enhancement of the outer cortex of the left kidney sec- 
ondary to intact left renal capsular vessels. The majority of the 
renal parenchyma shows no contrast enhancement. C: 
Abdominal aortogram shows the characteristically tapered ap- 
pearance of traumatic main renal artery occlusion (arrow). 
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FIGURE 21.26. Global renal infarction. The right kidney is not 
perfused aside from patchy focal areas of increased density from 
collateral circulation. A large amount of free intraperitoneal 
blood is present at the inferior margin of the liver. 


especially if an infusion technique for contrast enhancement 
is used. 

On angiography, occlusion of the main renal artery usu- 
ally occurs in the proximal one third and has one sharply de- 
fined oblique edge (Fig. 21.25C) at the point where the in- 
timal injury has occurred. If the occlusion is not acute, 
collateral supply to the kidney may be visualized on aortog- 
raphy. In kidneys supplied by more than one renal artery, 
supply through the unaffected vessels may prevent total re- 
nal infarction from occurring. 

The management of patients suffering main renal artery 
occlusion after blunt trauma is controversial and is related to 
the uncertainty in the amount of time the kidney can toler- 
ate warm ischemia. Warm ischemia times for human kid- 
neys has been reported to be as short as 1 to 6 hours by some 
investigators, while others report successful revasculariza- 
tion after more than 20 hours. Even when revascularization 
is attempted, reports of successful return of renal function 
are sporadic; the precise incidence of success is not known, 
because it is likely that most unsuccessful attempts are not 
reported. Because the majority of renal pedicle injuries oc- 
cur in patients suffering multisystem trauma and because 
the nonrenal injuries often are life threatening, it is not un- 
common for several hours of warm ischemia to have oc- 
curred before consideration of renal-sparing surgery even is 
possible. In such circumstances, and in view of the absence 
of a significant incidence of late complications associated 
with renal infarction, many authorities now believe that at- 
tempts at revascularization should be limited to the uncom- 
mon patient with bilateral renal artery thrombosis. 
Therefore, in contrast to previous recommendations that 
patients found to have unilateral absence of excretion on 
urography or a cortical rim sign on CT undergo immediate 


FIGURE 21.27. Ureteropelvic junction (UPJ) injury. UPJ lacera- 
tion has allowed excreted contrast material to extravasate into 
the perinephric space. 


angiography, most investigators now believe that angiogra- 
phy is necessary only in those patients who are being con- 
sidered for surgery. Routine removal of infarcted kidneys is 
unnecessary. 


Category IV Injuries 


Isolated avulsion of the UPJ is a rare injury that has been de- 
scribed principally in children with a deceleration injury, 
but more recently has been found to occur in adults as well. 
In such cases, the vascular supply of the renal pedicle re- 
mains intact; however, the UPJ is sheared from its attach- 


FIGURE 21.28. Ureteropelvic junction laceration in an adult. 
Enhanced computed tomography shows extravasation of con- 
trast/urine adjacent to the psoas muscle with formation of a uri- 
noma (U). There is contrast in the ureter surrounding a blood clot 
(arrow). This indicates that the continuity of the ureter remains 
partially intact. 


ment to the renal pelvis, resulting in a urinoma that sur- 
rounds the kidney. It is thought to be more common in chil- 
dren and adolescents, because of the great elasticity of the 
child’s blood vessels, which allows the renal vascular supply 
to remain intact at a force sufficient to cause disruption of 
the ureter. In addition, the smaller amount of retroperi- 
toneal fat in children provides less cushioning during sud- 
den deceleration. Injuries of the UPJ may be partial (lacera- 
tion) or complete (avulsion). With partial laceration, some 
contrast medium will be demonstrated in the ureter below 
the site of injury. With a complete disruption, no continu- 
ity of the ureter is present. This is a critical distinction; par- 
tial injuries may be treated with a ureteral stent, whereas 
complete disruption always requires open surgery. 

On imaging studies, contrast extravasation will be 
demonstrated from the region of the UPJ. On CT, contrast 
extravasation into a urinoma that collects predominately in 
the medial perinephric space is seen (Fig. 21.27). There will 
be no associated perinephric hematoma unless a coexisting 
parenchymal laceration is present. With laceration, the 
opacified ureter may be identified within the area of contrast 
extravasation below the UPJ (Fig. 21.28). In other cases, 
however, so much extravasation is present that identifica- 
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tion of the ureter is not possible. In such cases, retrograde 
pyelography will be necessary to differentiate laceration 
from avulsion (Fig. 21.29). A distinctive pattern of contrast 
material extravasation in which opacified urine virtually en- 
circles the kidney, termed “a circumrenal urinoma,” may be 


present on CT (Fig 21.29). 


URETERAL INJURIES 


Ureteral Injuries Secondary to External 
Violence 


Aside from UPJ avulsion, traumatic injuries of the ureter 
virtually always occur secondary to penetrating trauma. As 
such, nearly all ureteral injuries are associated with injuries 
of other organs including the small bowel, liver, spleen, or a 
major blood vessel. Ureteral injuries include partial or com- 
plete laceration and ureteral contusion, an injury of the 
ureter that produces ureteral wall damage, but not a frank 
laceration. Ureteral contusion generally is considered to re- 
sult from the blast effect of the missile on the ureter (Fig. 
21.30). Patients with ureteral injuries may not have hema- 
turia. 


FIGURE 21.29. Ureteropelvic junction (UPJ) laceration. A: 
Tomogram from an excretory urogram shows contrast extravasa- 
tion from the renal pelvis. No contrast material is identified in the 
ureter below the extravasation. B: Computed tomography (CT) 
scan demonstrates a “circumrenal” urinoma. C: Retrograde pyel- 
ogram shows filling of the collecting system indicating that the 
continuity of the ureter is maintained. A large amount of ex- 
travasation from the site of injury is present (arrow). 
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FIGURE 21.30. Ureteral contusion with subsequent necrosis. 
Computed tomography (CT) demonstrates contrast medium ex- 
travasation from the left ureter in a patient who suffered a shot- 
gun wound of the left flank. No laceration had been identified at 
the time of exploratory surgery. However, after several days 
urine was noted emanating from a surgically placed Penrose 
drain, prompting CT investigation. 


The diagnosis of ureteral injury may be established by 
urography when extravasation of contrast medium is pre- 
sent. The accuracy of urography in establishing this diagno- 
sis is uncertain, because most of the published series are 
small, and because of the nature of the associated injuries, 
many of the patients are taken to surgery before urography. 
Steers et al. report that the urogram was diagnostic in seven 
of eight patients with penetrating ureteral injury in whom 
this study was performed. In cases when radiologic studies 
are not performed before surgical exploration, the diagnosis 


may be established with the aid of intraoperative vital dyes 
that usually demonstrate the point of injury. 


latrogenic Ureteral Injury 


Surgical injury of the ureter may result from a variety of ab- 
dominal, pelvic, urologic, and gynecologic procedures. The 
risk of surgical injury varies with the type of operation, with 
the highest risk occurring as a consequence of gynecologic 
procedures. More than 25% of the ureteral injuries that oc- 
cur from gynecologic procedures occur during laparoscopy. 
With radical hysterectomy, ureteral injury may occur in as 
many as 10% to 30% of patients. The reported incidence of 
ureteral injury as a complication of abdominal hysterectomy 
varies between 1.5% and 2.5%, and it may occur even less 
commonly during other pelvic operations, including vaginal 
hysterectomy and cesarean section. 

Ureteral injury generally occurs when there is inadvertent 
ligation of the ureter. With radical hysterectomy, injury also 
may occur when the blood supply of the distal ureters is 
stripped during dissection of periureteral lymphatics. 
Patients with this complication have ureteral necrosis and 
the formation of a urinoma, or the later development of a 
long ureteral stricture. 

Bilateral ureteral injuries generally are recognized in the 
immediate postoperative period because of anuria. 
Unilateral injury may be recognized at the time of the orig- 
inal surgery, but more commonly it is not recognized until 
10 to 30 days after surgery. Fever and ipsilateral flank pain 
are the most common symptoms. A significant number of 
cases go unrecognized until the development of a 
ureterovaginal (Fig. 21.31) or ureterocutaneous fistula. 


FIGURE 21.31. latrogenic ureteral ligation. A: Delayed film from an excretory urogram shows a 
faintly opacified dilated distal left ureter (arrow) in a patient who complained of incontinence af- 
ter vaginal hysterectomy. B: Contrast study made after advancing an end-hole nephrostomy 
catheter down the ureter demonstrates complete occlusion of the distal ureter and ureterovagi- 


nal fistula. 


FIGURE 21.32. Retrograde pyelogram showing extravasation of 
contrast medium after a traumatic ureteral stone basketing pro- 
cedure. 


Dowling et al. reported this presentation in 9 of 23 patients 
(39%) in whom there was delayed recognition of the 
ureteral injury. In all cases, the diagnosis of ureteral injury 
was established by urography. 

Ureteral injury may complicate a number of urologic 
procedures including ureteroscopy, ureteral stone basketing 
(Fig. 21.32), retrograde pyelography, and ureterolithotomy. 
Of these, ureteroscopy is the highest risk procedure, ac- 
counting for approximately 70% of urologic injuries. In 
most of these cases, the injury is a result of ureteral perfora- 
tion. Ligation of the ureter also may occur during vesi- 
courethral suspension. 

Injury of the ureter may complicate other surgical proce- 
dures including abdominoperineal resection, enterolysis, re- 
section of abdominal aortic aneurysm, and lumbar laminec- 
tomy. In such cases, the injuries consist of ureteral 
perforation, transection, ligation, or a crush injury associ- 
ated with inadvertent clamping of the ureter. 

Interventional uroradiologic procedures play an impor- 
tant role in the management of iatrogenic ureteral injury. 
Harshman et al. reported three patients with ureteral injury 
after gynecologic surgery who were successfully treated with 
percutaneous nephrostomy drainage alone. They postulated 
that the ureteral injury in these patients was secondary to su- 
ture ligation or entrapment of the ureter and that with time, 
there was resorption of the suture material allowing resolu- 
tion of the ureteral obstruction. In Dowling’s series, 11 of 
15 ureteral injuries, including 6 of 7 cases that were believed 
to have resulted from ureteral ligation, were successfully 
treated with percutaneous nephrostomy alone or with 
nephrostomy combined with antegrade ureteral stenting. 
Lang reported successful management of 15 ureteral fistulas 
with a combination of nephrostomy and stent placement for 
periods ranging between 30 and 45 days. 
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BLADDER INJURIES 


Injury of the bladder may occur as a result of blunt, pene- 
trating, or iatrogenic trauma. The susceptibility of the blad- 
der to injury varies with its degree of filling at the time of the 
accident; a collapsed or nearly empty bladder is much less 
vulnerable to injury than is a distended organ. 


Clinical Features 


Signs of bladder injury are relatively nonspecific. 
Suprapubic tenderness usually is present. The urge to void 
may be absent or normal; in some forms of bladder rupture, 
the organ may still act as a reservoir and thus a normal urge 
to void may be present. Hematuria almost always is present; 
in some of the reported series, gross hematuria was found in 
95% of cases. 


Radiologic Examination 


Retrograde cystography is the traditional examination for 
the diagnosis of bladder rupture. Although it preferably is 
performed with fluoroscopic guidance, it may be performed 
with fixed radiographic or even portable equipment when 
the clinical situation demands it. The method by which cys- 
tography is performed has been discussed in Chapter 3; 
however, some modification of the procedure may be neces- 
sary in the trauma patient. A minimum of 300 mL of di- 
luted (30%) contrast medium must be used to achieve ade- 
quate bladder distention. The use of 14-inch by 17-inch 
films that cover the upper abdomen facilitates the diagnosis 
of intraperitoneal bladder rupture, and therefore should be 
used for at least one of the radiographs. When fluoroscopic 
equipment is not used, an initial radiograph after instillation 
of approximately 100 mL of contrast medium can be ob- 
tained to check for gross extravasation; if none is present, the 
remainder of the contrast medium then is infused. The 
postdrainage radiograph is an essential component of the 
cystogram made for trauma as the diagnosis of bladder rup- 
ture may be established only by this film in approximately 
10% of cases (Fig. 21.33). 

The accuracy of cystography for the diagnosis of bladder 
injury varies from 85% to 100% in the reported series. 
Carroll and McAninch report, however, that the accuracy of 
cystography would have decreased from 100% to 79% in 
their series had careful technique not been followed. A false- 
negative cystogram may occur in patients who have suffered 
penetrating bladder injury, especially when caused by small- 
caliber bullets. In such cases, it is assumed that the bladder 
tear seals with hematoma or by the surrounding mesentery, 
and thus results in a false-negative study. 

While cystography is highly accurate in the diagnosis of 
bladder injury, the cystographic phase of the excretory uro- 
gram cannot be relied on to exclude bladder injury (Fig. 
21.34). In the series reported by Carroll and McAninch 
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FIGURE 21.33. A: Filled film from a cystogram demonstrates extrinsic compression of the right 
side of the bladder, but no evidence of extravasation. Catheter in right femoral artery is from an 
arteriogram performed immediately before the cystogram. B: Postdrainage film shows simple ex- 


traperitoneal rupture (type 4a). 


(1983), cystographically verified bladder injuries were 
found in only 16% of the cases by urography. 

CT cystography (Fig. 21.35) may be used in place of con- 
ventional cystography, particularly in patients undergoing 
CT for another reason. To perform CT cystography, the 
bladder is filled in a retrograde fashion with diluted contrast 
medium (3% to 5% w/v) and contiguous images through 
the pelvis are obtained. CT cystography performed in this 


fashion is reported to have an accuracy comparable with 
conventional cystography, a study comparing the results of 
CT cystography to surgical findings has recently been re- 
ported. Although some authors have repeated a set of axial 
images following contrast material drainage, the degree to 
which the accuracy of the study is increased by this modifi- 
cation has not been reported. Assessment of the bladder us- 
ing CT performed with contrast filling only from excreted 


B 


FIGURE 21.34. A: Cystographic phase from an intravenous pyelogram (IVP) shows a Foley 
catheter in the bladder, but no evidence of extravasation. B: Cystogram performed a few minutes 


later shows intraperitoneal rupture. 


FIGURE 21.35. Computed tomographic cystogram. Axial section 
through the bladder shows extraperitoneal bladder rupture (ar- 
rows). Note small amount of air in bladder from Foley catheter 
placement (arrowhead). 


contrast medium, however, has been shown to be inade- 
quate for excluding bladder injury. 


Bladder Injury in Blunt Pelvic Trauma 


Major bladder injury occurs in approximately 10% of pa- 
tients suffering a pelvic fracture. Injury of the bladder fol- 
lowing blunt trauma may be classified as follows: 


Type 1—Bladder contusion 
Type 2—Intraperitoneal rupture 
Type 3—Interstitial bladder injury 
Type 4—Extraperitoneal rupture 

a. Simple 

b. Complex 
Type 5—Combined bladder injury. 


Bladder contusion (type 1) is an incomplete tear of the 
bladder mucosa after blunt injury that results in an ecchy- 
mosis in a localized segment of the bladder wall. 
Cystography is normal; the diagnosis usually is established 
by exclusion in patients who have hematuria after pelvic 
trauma for which no other cause can be found. Cystoscopy 
rarely is performed for confirmation. Bladder contusion 
generally is regarded as the most common form of bladder 
trauma; however, it is not a major injury. 

Intraperitoneal bladder rupture (type 2) accounts for ap- 
proximately one third of major bladder injuries. It occurs 
when there is a sudden increase in intravesical pressure as a 
result of a blow to the lower abdomen in patients who have 
a distended bladder. This injury results in rupture of the 
weakest portion of the bladder wall, the dome, where the 
bladder is in contact with the peritoneal surface. 
Intraperitoneal rupture commonly occurs as a seatbelt or 
steering wheel injury. Approximately 25% of the cases occur 
in patients without a pelvic fracture. On cystography, con- 
trast medium is seen in the paracolic gutters and outlining 
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the abdominal viscera and loops of the small bowel (Figs. 
21.36 and 21.37). 

Interstitial bladder injury (type 3) occurs as a result of an 
incomplete perforation of the serosal surface of the bladder. 
On cystography, a mural defect in the bladder wall repre- 
senting the site of injury is present, however, there is no ex- 
travasation of contrast medium. This injury is rare; only a 
few confirmed cases have been reported. 

Extraperitoneal bladder rupture (type 4) is associated 
with one or more fractures of the pubic rami or diastasis of 
the symphysis pubis in virtually every case. Classically, the 
injury occurs when there is a laceration of the extraperi- 
toneal portion of the bladder wall by a bone spicule associ- 
ated with the fracture. However, data have shown that cys- 
tograms in such patients often show the site of extravasation 
to be far removed from the site of pelvic fracture, suggesting 
that this injury can be caused by other mechanisms. One 
such explanation is that bladder injury results when stress is 
applied to the hypogastric wings or to the puboprostatic lig- 
aments, causing the bladder wall to tear. In still other cases, 
the injury may occur by a mechanism analogous to the in- 
traperitoneal rupture. 

In simple extraperitoneal rupture, contrast medium ex- 
travasation is limited to the pelvic extraperitoneal space (Fig. 
21.33B). With complex extraperitoneal rupture, the con- 
trast extravasation extends beyond the perivesical space to 
the thigh, scrotum, penis, or perineum (Figs. 21.38 and 
21.39). Complex extravasation implies that a disruption in 
the fascial boundaries of the pelvis has occurred as a result of 


FIGURE 21.36. Intraperitoneal bladder rupture. Contrast media 
is seen outlining the peritoneum and loops of bowel. 
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FIGURE 21.37. Intraperitoneal rupture. A: A computed tomography (CT) cystogram shows a 
Foley catheter in the bladder with contrast material extravasation (arrow). B: A more cephalad 
section shows the extravasation to be outlining the patient’s uterus (U), clearly demonstrating its 


intraperitoneal location. 


the injury. Thus, extravasation into the perineum may be 
present with a bladder injury alone; the presence of such ex- 
travasation should not be mistaken as evidence of a coexist- 
ing urethral injury. 

Combined bladder injury (type 5) results in both in- 
traperitoneal and extraperitoneal bladder rupture (Fig. 
21.40). In a series by Palmer et al., this injury occurred in 
approximately 0.5% of patients with pelvic fracture and rep- 
resents approximately 5% of all major bladder injuries. On 
cystography, both types of extravasation may be demon- 


FIGURE 21.38. Complex extraperitoneal bladder rupture (type 
4b). Extravasated contrast medium extends outside the confines 
of the pelvis into the perineum. 


strated, however, in some cases only one component is 
shown. 


External Penetrating Bladder Injury 


Penetrating injury of the bladder may occur as a result of a 
bullet wound or as a result of impalement of the bladder by 
various objects. Penetrating bladder injury may result in in- 
traperitoneal rupture, extraperitoneal rupture, or combined 
bladder injury. 

The diagnosis usually is suggested by cystography and is 
confirmed at exploration. As in renal injuries, the high asso- 
ciation of injury to other viscera mandates surgical explo- 
ration in the majority of cases. Vascular injuries are com- 
monly associated with bladder injuries following gunshot 
wounds; with knife wounds of the bladder, there is a high 
incidence of associated colon injury. 


FIGURE 21.39. Extraperitoneal rupture computed tomography 
(CT) cystogram shows streaky extraperitoneal contrast material 
extravasation (arrow). Streak artifacts from overlying life support 
devices are present. 


FIGURE 21.40. Combined bladder injury. The extraperitoneal 
component (arrow) and the intraperitoneal component (open ar- 
row) both are demonstrated. 


latrogenic and Obstetric Bladder Injury 


Injury of the bladder may occur in virtually any type of ob- 
stetric, gynecologic, urologic, or pelvic surgery, or as the re- 
sult of migration of surgically placed devices. 

Obstetric bladder injury may result from laceration of 
the bladder during cesarean birth, injury secondary to 
trauma from obstetric forceps, or from pressure necrosis of 
the bladder wall during labor. Vesicouterine fistula is a rare, 
delayed complication of cesarean section. Such patients may 
present with menouria (Youseff’s syndrome). 

Injury to the bladder has been reported during dilatation 
and curettage of the uterus, laparoscopy, or hysterectomy. 
Transurethral urologic procedures, especially transurethral 
biopsy of bladder tumors, occasionally result in bladder in- 
jury. Surgically placed instruments that may damage the 
bladder include intrauterine contraceptive devices, Foley 
catheters, orthopedic hip nails, Penrose drains, and ven- 
triculoperitoneal shunt catheters. 


Spontaneous Bladder Injury 


Spontaneous bladder rupture refers to the occurrence of a 
bladder injury without known antecedent trauma. In most 
cases, an underlying pathologic condition of the bladder is 
responsible. Such conditions include bladder tumors, in- 
flammatory conditions of the bladder, lesions that infiltrate 
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the bladder from outside its walls, and bladder outlet ob- 
struction. 

The term idiopathic bladder rupture is used to refer to 
the occurrence of bladder rupture when there is no known 
antecedent trauma and no underlying or adjacent bladder 
pathology. Most of these cases occur in alcoholics, and it is 
postulated that the bladder injury results from relatively mi- 
nor external trauma that the patient is unable to recall. 


INJURY OF THE MALE URETHRA 


Injuries of the male urethra are classified according to their 
mechanism of injury (Table 21.2). 


Blunt Urethral Injury 


Urethral injuries following blunt trauma occur either in as- 
sociation with a pelvic fracture or as a result of a straddle in- 


jury. 


Clinical Features 


Urethral injury in pelvic fracture is a devastating injury be- 
cause it may be associated with major complications includ- 
ing bulbomembranous urethral stricture, impotence, and 
urinary incontinence. There is a correlation between the de- 
gree of severity of the urethral injury and the severity of the 
pelvic ring disruption. However, severe urethral injury may 
occur with relatively minor pelvic fracture, and urethral rup- 
ture rarely has been reported without pelvic fracture. 
Conversely, severe pelvic fracture may result in relatively mi- 
nor urethral injury. 

Patients with urethral injury in pelvic fracture commonly 
have multisystem injuries. Mortality rates of 9% to 33% are 
reported in these patients. The reported incidence of ure- 
thral injury in pelvic fracture is 4% to 17%. The average age 
is approximately 30 years, but ranges from 4 to 80 years. 

The single most important clinical sign of urethral injury 
is blood at the external urethral meatus. There may be a 
high-riding prostate gland on rectal examination, but in 
young male patients, it often is difficult to distinguish the 


TABLE 21.2. CLASSIFICATION OF 
INJURIES OF THE MALE URETHRA 


Blunt Urethral Injuries 
Type | 
Type Il 
Type Ill 
Type IV 
Type IV (a) 
Type V 
Penetrating injury 
latrogenic injury 
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FIGURE 21.41. “Pie in the sky” bladder. 


prostate from a firm hematoma. The “pie in the sky” (Fig. 
21.41) or inverted teardrop bladder on excretory urography 
is an indication of urethral rupture. Blind urethral catheter- 
ization is condemned in patients with suspected urethral in- 
jury, although the inability to pass a urethral catheter is con- 
sidered evidence of urethral rupture. No attempt should be 
made to pass a catheter until the urethral injury is assessed 
by dynamic retrograde urethrography. 


Radiologic Examination 


In patients with suspected urethral injury, dynamic retro- 
grade urethrography using the Foley catheter method (see 
Chapter 3) is performed. A radiograph should be exposed 
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during the active injection of 10 to 20 mL of contrast 
medium thereby ensuring filling of the deep bulbar and pro- 
static portions of the urethra. 


Mechanism of Injury and Classification 


The urogenital diaphragm is attached to the medial surface 
of the inferior pubic rami. The prostate is attached to the 
pubis by the puboprostatic ligaments. Pubic ramus fracture 
with separation or displacement of the symphysis pubis may 
result in disruption of the urogenital diaphragm and pubo- 
prostatic ligaments, causing proximal displacement of the 
prostate gland. 

The classically described urethral injury is separation of 
the urethra at the junction of the prostatic and membranous 
urethra produced by a shearing effect at the time of injury. 
Less severe trauma may result in a partial urethral injury, 
producing a laceration in the urethra at this site. Although 
membranous urethral tear is still described in the literature 
as the classic injury, retrograde urethrography has shown 
that the injury most commonly extends into the proximal 
bulbous urethra, below the urogenital diaphragm. This is 
consistent with the anatomy of the region. The apex of the 
prostate intermingles with fibers of the external sphincter at 
the urogenital diaphragm, but it is not firmly fixed. When 
injury occurs, the prostate readily separates and moves su- 
periorly, taking with it the prostatic and membranous ure- 
thras. The membranous urethra has the support of the uro- 
genital diaphragm. The proximal bulbous urethra has no 
significant support—only fat and loose connective tissue. 

Straddle injury occurs most commonly when a male pa- 
tient falls astride a hard object such as the crossbar of a bi- 
cycle, a steel or wooden beam, or the edge of a manhole 


FIGURE 21.42. Type | urethral injury. A: Schematic diagram. B: Retrograde urethrogram. The 
base of the biadder is elevated and the prostatic urethra is elongated secondary to rupture of the 


puboprostatic ligaments. 
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FIGURE 21.43. Type II urethral injury. A: Schematic diagram. B: Retrograde urethrogram. 
Contrast material extravasation is above the area of the urogenital diaphragm (arrow). 


cover. Kicks to the perineum may also injure the bulbous 
urethra. The urethra and corpus spongiosum are com- 
pressed between the hard object and the inferior aspect of 
the pubis. This may result in urethral contusion with an in- 
tact urethra or partial or complete rupture of the sump of 
the bulbous urethra. Straddle injury is not generally associ- 
ated with a bony injury. 


Classification 


A new unified classification of blunt posterior and anterior 
urethral injuries has been proposed recently by Goldman et 
al. from the University of Texas-Houston. This system 
modifies and extends the previously used McCallum and 
Colapinto classification, which addressed only posterior 
urethral injuries. In addition, this classification rectifies 


anatomic inconsistencies in the McCallum and Colapinto 
scheme, and addresses combined injuries of the urethra and 
bladder that heretofore were not included: 


Type I: posterior urethra intact, but stretched (Colapinto 
and McCallum type I, (Fig 21.42) 

Type II: pure posterior injury with tear of membranous 
urethra above the urogenital diaphragm—partial or com- 
plete (Colapinto and McCallum type II, Figs. 21.43 and 
21.44) 

Type III: combined anterior/posterior urethral injury 
with disruption of the urogenital diaphragm—partial or 
complete (Colapinto and McCallum type III, Figs. 21.45 
and 21.46) 

Type IV: bladder neck injury with extension into the ure- 
thra (Fig. 21.47) 

Type IV A: injury of the base of the bladder with peri- 


FIGURE 21.44. Type II urethral injury. A: Partial; contrast medium extravasation is present from 
the membranous urethra above the urogenital diaphragm. Some contrast medium, however, 
flows into the bladder indicating a portion of the urethra remains intact. B: Complete. 
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FIGURE 21.45. Type Ili urethral injury. A: Schematic diagram. B: Retrograde urethrogram. 


urethral extravasation simulating a true type IV urethral in- 
jury (Fig. 21.48) 

Type V: pure anterior urethral injury—partial or com- 
plete (Figs. 21.49 and 21.50). 


Type I injuries occur when the puboprostatic ligaments 
are ruptured but the continuity of the urethra is maintained. 
A hematoma collects in the prostatic fossa resulting in dislo- 
cation of the bladder base out of the pelvis and stretching of 
the posterior urethra. True type I injuries are uncommon; 
mere extrinsic compression of the posterior urethra by a 
periurethral hematoma without dislocation of the bladder 
should not be considered a true type I injury. 

Type II injuries demonstrate contrast extravasation into 
the pelvic extraperitoneal space above the urogenital di- 
aphragm. The urogenital diaphragm is intact, which pre- 
vents contrast material extravasation from extending into 


the perineum. Before the widespread use of urethrography 
demonstrated otherwise, this was thought to be the most 
common injury of the posterior urethra, but it has since 
been shown to occur in only 15% of urethral injuries that 
result from pelvic fracture. 

Type III injuries are the most common form of urethral 
injury. The membranous urethra is torn as in Type II in- 
juries, however, there is extension of the injury into the 
proximal bulbous urethra, disruption of the urogenital di- 
aphragm itself, or both. Thus, the injury is not a true poste- 
rior urethral injury but is more accurately classified as a 
combined anterior/posterior injury. It results in contrast 
material extravasation on urethrography below the urogeni- 
tal diaphragm (UGD) into the perineum. Because the de- 
gree of disruption of the UGD varies, depending on the 
severity of the injury, the amount of contrast extravasation 
into the perineum also varies. As long as some extravasation 


FIGURE 21.46. Type Ill urethral injury. A: Partial; contrast medium has extravasated from the ure- 
thra into the perineum, but some contrast medium has entered the bladder indicating the ure- 
thral injury is partial. B: Complete; no contrast medium enters the bladder. 
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Urogenital FIGURE 21.47. Type IV urethral injury. (A) Lateral 
diaphragm and (B) anteroposterior schematic drawings show- 
ing a laceration of the base of the bladder extend- 
ing into the bladder neck. C: Retrograde urethro- 
gram demonstrating contrast leakage from the 
B Type IV bladder neck. 
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FIGURE 21.48. Type IV(A). A: Schematic drawing and (B) Retrograde urethrogram shows con- 
trast material extravasation surrounding the bladder neck. 
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FIGURE 21.49. Type V urethral injury. A: Schematic drawing. B: Typical appearance of straddle 
injury with extensive venous intravasation. Filling of dorsal vein of the penis is seen (arrow). 


extends into the perineum (which indicates that at least 
some disruption of the UGD is present), the injury should 
be classified as type III. 

Type IV injuries are newly described injuries of the blad- 
der base that extend into the bladder neck and proximal ure- 
thra. True type IV injuries need careful clinical assessment 
because of the potential for injury of the internal urethral 
sphincter, which surrounds the bladder neck. Because the 
internal urethral sphincter is the primary continence sphinc- 
ter, such injuries, if unrecognized, may lead to incontinence 
or bladder neck stricture. Perry and Husmann found type 
IV injuries in 4.6% of women with pelvic fracture after 
high-speed motor vehicle accidents. We have seen such in- 
juries in males as well. Type IV(a) injuries are actually ex- 


traperitoneal bladder ruptures at the base of the bladder that 
don’t extend into the urethra but are radiographically indis- 
tinguishable from true type IV injuries as both demonstrate 
periurethral contrast material extravasation on urethrogra- 
phy. 

Type V injuries occur as a result of straddle injury and 
occur in the bulbous urethra. If Buck’s fascia remains intact, 
the extravasation is limited to the space between Buck’s fas- 
cia and the tunica albuginea of the corpus spongiosum. If 
Buck’s fascia is ruptured, contrast extravasation on ure- 
thrography will be present within the confines of Colle’s fas- 
cia. 

Both type II and type III injuries may be either partial (a 
portion of the continuity of the urethra remains intact such 


FIGURE 21.50. Straddle injury. A: Retrograde urethrogram shows extravasation from the site of 
injury in the bulbous urethra; contrast medium, however, flows into the bladder indicating par- 
tial injury. B: Follow-up voiding cystourethrogram made through a suprapubic catheter shows 
high-grade focal stricture at the site of the previous injury. 


that contrast is seen flowing into the urinary bladder during 
urethrography) or complete (no contrast flows into the 
bladder). The relative frequency of partial injuries as com- 
pared with complete disruptions varies widely in the re- 
ported series. McAninch reported that 19% of patients had 
partial disruptions, whereas Mitchell found that 90% of pa- 
tients had partial injuries. The reasons for this wide varia- 
tion in the reported incidence of partial injuries is not 
known. The prognosis for patients suffering both type II 
and type III injuries is similar. When complete, both in- 
juries will result in a complete urethral stricture. In most 
centers, such strictures are repaired on a delayed basis, usu- 
ally six months after the initial injury. By this time the pelvic 
hematoma has resolved, the pelvic fracture has stabilized, 
and the bladder has redescended into the pelvis. In general, 
type II injuries result in a shorter stricture that is somewhat 
easier to repair than those associated with type III injuries, 
which tend to be at least several centimeters long. Partial 
ruptures are reported to have lower long-term morbidity 
than do complete ruptures; thus, the importance of accurate 
radiologic diagnosis is emphasized. 

Type V injuries also may result in either partial or com- 
plete rupture of the bulbous urethra. Partial anterior ure- 
thral injuries are more common than complete disruptions. 
The typical straddle injury will result in a focal stricture in 
the proximal third of the bulbous urethra on follow-up ex- 
amination, 


Clinical Management 


Two schools of thought regarding urethral injuries associ- 
ated with pelvic fracture have existed for many years. 
Primary repair of the urethral injury involves surgical inter- 
vention as soon as possible after the injury. Although this 
method had fallen out of favor, several recent publications 
again advocate this approach when the urethral fragments 
are in relatively close proximity and realignment can be ac- 
complished over a catheter with comparatively small 
amounts of tissue dissection. 

Delayed repair involves only the insertion of a suprapu- 
bic catheter for drainage. Because there is no initial attempt 
at repair, a urethral stricture occurs in 100% of cases treated 
by this method. The suprapubic catheter is left in place for 
approximately 3 months, after which the urethra is repaired 
by a one- or two-stage urethroplasty. This method of repair 
is preferable when there is a large amount of soft-tissue in- 
jury, the urethral fragments are distracted, or extensive asso- 
ciated injuries militate against an immediate approach to the 
urethral injury. 

The controversy regarding the best method of treatment 
of urethral injuries is related to the high rates of impotence, 
incontinence, and recurrent stricture disease that are associ- 
ated with them. The incidence of incontinence has been re- 
ported to be as high as 25% and impotence as high as 40% 
in patients undergoing immediate repair. The high morbid- 
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ity has been related to the method of repair, because com- 
parable groups undergoing delayed repair have been re- 
ported with only 12% incontinence and 2% impotence. 
The proponents of delayed repair have argued that this 
method minimizes the risk of these complications, because 
no acute soft-tissue dissection is performed. Proponents of 
immediate repair contend that when a technique that min- 
imizes damage to the neurovascular bundle and the internal 
urethral sphincter is used, even lower morbidity than is re- 
ported with delayed repair is possible. 

The initial urethrogram indicates the site of injury and 
commonly reveals whether the injury is partial or complete. 
However, a partial injury may appear complete if no con- 
trast medium enters the bladder. This appearance in partial 
rupture is likely the result of the presence of a blood clot 
blocking the urethra. If delayed repair is the chosen method, 
a urethrogram repeated 7 to 10 days later usually demon- 
strates that the urethral tear is partial. A second or third ure- 
throgram is necessary in delayed repair immediately before 
the urethroplasty is performed. In this study, the bladder is 
filled through the suprapubic cystostomy tube and a retro- 
grade urethrogram is performed at the same time as a void- 
ing study (Fig. 21.51). This examination outlines the full 
extent of the stricture, provided the patient is able to open 
the bladder neck. Rarely the bladder neck does not open be- 
cause the bladder capacity is small, and the bladder neck has 


FIGURE 21.51. Simultaneous retrograde and voiding urethro- 
gram 3 months after pelvic fracture. The bladder is filled through 
the suprapubic cystostomy and the patient attempts to void at 
the same time as a dynamic retrograde injection is performed. 
The bladder neck is open, and the proximal prostatic urethra is 
filled. A small amount of extravasation has occurred. The retro- 
grade injection defines the distal end of the stricture. Between 
the distal end of the visualized prostatic urethra and the proxi- 
mal visualized bulbous urethra is hard fibrous scarring (S). 
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not opened for 3 months because of the suprapubic 
drainage. In this instance, the suprapubic catheter should be 
clamped for 6 to 8 hours before attempting a second void- 
ing study. The combined retrograde and voiding study de- 
lineate the length of the stricture. Type III urethral injuries 
treated by delayed repair have a stricture several centimeters 
long and extend from the site of the bulbous urethral tear 
proximally, usually up to the verumontanum. After 3 
months, the pelvic hematoma is usually resorbed, and the 
prostate and bladder neck have returned to a more normal 
position. 

Type II urethral injuries show a much shorter stricture 
on the preoperative retrograde and voiding study, because 
resorption of the pelvic hematoma allows the prostate, pro- 
static urethra, and torn membranous urethra to move back 
to a normal position with approximation of the torn ends of 
the urethra. 

Type I urethral injuries generally require no surgical in- 
tervention. The initial urethrogram showing an intact ure- 
thra allows the careful insertion of a small, well-lubricated 
catheter into the bladder. The bladder can be filled through 
this catheter and a voiding study is obtained with the patient 
voiding around the catheter. The bladder is assessed for con- 
comitant bladder tear. If no extravasation occurs from the 
bladder, the catheter can be removed and the patient al- 
lowed to void at will. Repeat retrograde and voiding ure- 
throgram in 3 months demonstrate resorption of the pelvic 
hematoma and return of the bladder and prostate to a nor- 
mal position. 

With minor straddle injuries (Type V), the retrograde 
urethrogram may show an intact urethra and the patient can 
be allowed to void normally. If the urethra is compressed or 
distorted by hematoma, but intact, and there is no extrava- 
sation, a small, well-lubricated catheter may be inserted 
carefully into the bladder and left for a few days. In more se- 
vere straddle injuries, the retrograde urethrogram (Figs. 
21.50 and 21.51) generally shows partial or complete rup- 
ture. If a partial rupture is present, attempted catheteriza- 
tion may complete the rupture. Suprapubic cystostomy tube 
insertion is recommended, and repeat urethrography is per- 
formed 2 to 3 weeks later. Although small partial ruptures 
may heal without stricture, many will result in a short, focal 
stricture amenable to endoscopic management. Large partial 
or complete ruptures in the bulbous urethra show extensive 
extravasation, and if Buck’s fascia is lacerated, contrast 
medium extravasates into the scrotum (Fig. 21.52)and may 
outline the testicle. Contrast medium rarely may extend 
into the anterior abdominal wall beneath Scarpa’s fascia, 
particularly if a large volume of contrast has been injected. 
for the urethrogram. When suprapubic cystostomy is used, 
large partial and complete rupture results in stricture. These 
traumatic strictures usually are short (Fig. 21.53), and scar- 
ring does not extend to the membranous urethra. Such stric- 
tures can be repaired by anterior urethroplasty using a patch 
or pedicle graft. 


FIGURE 21.52. Straddle injury with complete urethral disrup- 
tion. Contrast medium extravasates into the scrotum because of 
rupture of Buck’s fascia. 


Combined Bladder and Urethral Injury 


In pelvic fracture, up to 20% of male patients with urethral 
injury have an associated bladder tear. Type I injury, in 
which the urethra is intact, allows contrast medium to fill 
the bladder, and the bladder can be assessed for extravasa- 
tion. Partial type II and type III urethral ruptures allow 
some contrast medium to enter the bladder, but bladder fill- 
ing in these cases should not be attempted, because much of 
the contrast medium injected will extravasate through the 
tear in the urethra. Occasionally, however, the bladder in- 
jury may be shown on the retrograde urethrogram (Fig. 
21.54). If delayed repair is to be used, cystography should be 
performed after placement of the suprapubic catheter. If pri- 


FIGURE 21.53. Dynamic retrograde and voiding cystourethro- 
gram 3 months after partial rupture from straddle injury. The 
bladder is filled through a suprapubic cystostomy tube. The stric- 
ture is short and well defined. 


FIGURE 21.54. Combined urethral and bladder rupture. A ret- 
rograde urethrogram demonstrates a partial type III injury asso- 
ciated with an extraperitoneal bladder rupture (arrow). 


mary repair is attempted for partial or complete type II or 
type II injuries, the bladder must be inspected carefully at 
surgery to exclude bladder tear. 


Penetrating Injuries 


Penetrating injuries to the urethra are uncommon. They re- 
sult from gunshot or knife wounds and more commonly af- 
fect the anterior rather than the posterior urethra. 
Penetrating injuries generally require immediate surgical ex- 
ploration and antibiotic therapy to contain superimposed 
infection. Knife wounds to the perineum generally can be 
treated by anastomosis of the cut bulbous urethra. Gunshot 
wounds may destroy some urethra, and patch or pedicle 
grafting may be necessary as a one-stage urethroplasty or as 
the first stage of a two-stage urethroplasty. 


latrogenic Injury 


This topic is discussed in Chapter 19. 


INJURY OF THE FEMALE URETHRA 
Clinical Features 


Traumatic rupture of the female urethra is rare. It usually is 
the result of instrumentation, vaginal operation, or obstetric 
complications. Approximately 1% of urethral injuries in fe- 
males is caused by pelvic fracture. Most reported cases have 
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occurred in female children or young adult females. The rar- 
ity of this lesion is likely owing to the shortness of the ure- 
thra and to its mobility, because the female urethra is only 
loosely fixed by the urogenital diaphragm. In pelvic fracture, 
rupture of the female urethra should be suspected when 
deep vaginal lacerations are present. There is inability to 
void or inability to pass a catheter. The urethra may be 
avulsed at the bladder neck or within 2cm of the bladder 
neck. Rupture may be partial or complete. Avulsion at the 
bladder neck requires a suprapubic surgical approach with 
anastomosis of the separated urethral ends. More distal ure- 
thral rupture may be approached transvaginally with end- 
to-end urethral anastomosis over a stenting catheter. 

The diagnosis of urethral injury in women is generally es- 
tablished on endoscopy. 


INJURY OF THE PENIS 


Rupture of the corpus cavernosum (“fracture of the penis”) 
is an uncommon injury that generally occurs during strenu- 
ous sexual activity when the erect penis is forcibly bent. The 
patient experiences intense pain and the penis becomes de- 
formed and echymotic. A urethrogram generally is recom- 
mended to exclude a concomitant urethral injury (Fig. 
21.55). Cavernosography may be useful for the preoperative 
evaluation of such injuries. In fracture of the erect penis, the 
tunica albuginea is torn and cavernosography may show the 
exact site and extent of the tear. This may be useful as the 
site of a tunica albuginea tear may not be obvious at opera- 
tion. Urethrocavernous fistula also may occur in the frac- 
tured penis, and the fistula can be demonstrated on caver- 
nosography. 


FIGURE 21.55. Urethral injury in penile fracture. Extensive ex- 
travasation of contrast material is present in the penile urethra 
adjacent to the site of injury of the corpus cavernosum. 
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FEMALE GENITAL TRACT 


DISEASES OF THE UTERUS 
Myometrial Diseases 
Leiomyoma 
Sarcoma 
Endometrial Diseases 
Adenomyosis 
Hyperplasia 
Carcinoma 
Gestational Trophoblastic Disease 
Asherman’s Syndrome 
Cervical Diseases 
Carcinoma 


Nabothian Cysts 


PELVIC INFLAMMATORY DISEASE 


DISEASES OF THE ADNEXA 
Ovarian Neoplasms 

Cysts 

Polycystic Ovary Disease 
Ectopic Pregnancy 
Endometriosis 

Torsion 


This chapter deals with the imaging of the most common 
gynecologic conditions. Congenital abnormalities of the fe- 
male genital tract are included in Chapter 2. Obstetrical 
imaging is beyond the range of this text. 


DISEASES OF THE UTERUS 
Myometrial Diseases 
Leiomyoma (Fibroid) 


Uterine leiomyomas are extremely common, benign, 
smooth-muscle tumors of the myometrium. Their preva- 
lence has been quoted as high as 20% to 30% of women 
seen in clinical practice and 50% in autopsy series. They 
seem to be estrogen-dependent; they are rarely seen in pre- 
menarchal girls, and they enlarge with pregnancy or other 
condition with elevated estrogens (such as endometrial hy- 
perplasia and carcinoma, granulosa-theca tumors and 
anovulatory states). They are seen more commonly in 
African-American women than in white women. 
Pathologically, the tumors consist of masses of smooth- 
muscle cells. Despite the colloquial name of fibroid, they are 
not fibrous neoplasms. The tumors usually are multiple, and 
vary in size from microscopic nodules to huge masses; clin- 
ical lesions weighing dozens of pounds have been encoun- 
tered. The tissue may be viable or may degenerate, becom- 
ing replaced by hyaline material, infarcted red necrotic 
tissue or fluid; extremely rarely, they may become infected 
and filled with pus. The tumors are biologically benign; they 
do not spread locally or metastasize. A small fraction (0.1% 


to 0.5%) may undergo malignant degeneration and become 
leiomyosarcomas. 

Most of the tumors are mural; that is, they begin and ex- 
pand within the myometrial wall. They also may be submu- 
cous (submucosal) or appear on the serosal surface. They 
may be pedunculated and grow entirely within the endome- 
trial cavity, or exist at the ends of external stalks and thus be- 
come adnexal masses. They infrequently form in the cervix, 
though fibroids in the endometrial cavity may prolapse 
through the external cervical os. Rarely, the tumors are en- 
countered in the broad ligament. Extrauterine tumors may 
parasitize vessels from adjacent structures, including the 
ovaries and gut. 

Fibroids usually are asymptomatic, but they may pro- 
duce a variety of symptoms, including abnormal bleeding, 
pelvic pain, dyspareunia, infertility, urinary frequency, and 
abdominal enlargement. The symptoms usually are chronic, 
but occasionally there may be a sudden infarction of a 
leiomyoma or a pedunculated tumor may undergo torsion, 
either of which may cause severe acute pain. 

Most uterine leiomyomas require no treatment, but 
bleeding, pain, infertility, and other symptoms may prompt 
hysterectomy. If the patient desires to retain her uterus, 
sometimes a myomectomy can be performed. If the fibroid 
is submucous, the surgery may be hysteroscopic. 
Angioembolization is becoming more frequently used. 
Finally, there have been recent developments in medical 
therapy in which gonadotropin-releasing hormone analogs 
are used to diminish circulating estrogen. 

Plain radiographs may reveal leiomyomas as pelvic masses 
if they are sufficiently large. Amorphous or “popcorn” calci- 


fications are seen in a minority of tumors. Many fibroids en- 
hance intensely, so that an increase in density of the mass 
may be visible during excretory urography. The masses may 
reach extremely large sizes, and may cause partial obstruction 
of one or both ureters by compressing them between the 
mass and the bony pelvis or iliac arteries (Fig. 22.1). 
Hysterosalpingography reveals a variety of findings. 
Pedunculated serosal tumors, or small mural masses, may 
produce no abnormalities at all. Submucous lesions produce 
round filling defects protruding from the uterine wall; occa- 
sionally, a pedunculated endometrial fibroid may look like a 
completely intraluminal polypoid filling defect. Mural tu- 
mors that reach several centimeters in size may distort the 
endometrial cavity in a variety of bizarre configurations. 
They frequently enlarge the cavity (Fig. 22.2); indeed, fi- 
broids are the most common cause of an enlarged endome- 
trial cavity seen at hysterosalpingography. The mechanism 
by which an encroaching mass may enlarge an adjacent cav- 
ity may not be intuitively obvious; large mural fibroids fre- 
quently cause the endometrial cavity to be stretched as it 
drapes over the tumor and thus becomes enlarged. 
Ultrasound demonstrates most fibroids, except those 
which are small mural tumors or which are hard to detect 
because of an acutely flexed uterus. They are most often hy- 
poechoic (Fig. 22.3), but they may be moderately echogenic 
or have a mixed pattern (Fig. 22.4), and occasionally display 
an echogenic rim; shadowing may arise from the interface 
between regions of differing cellularity within the masses, or 


FIGURE 22.1. Large uterine fibroid. Excretory urography reveals 
a large mass in the midabdomen and pelvis that has enhanced 
with intravenous contrast administration and has partially ob- 
structed both ureters. A calcified portion of the tumor is seen in- 
ferior to the right kidney. There is a left ovarian dermoid tumor 
(arrow) that has been displaced superiorly by the fibroid; teeth 
within it are projected over the lower pole of the left kidney. 
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FIGURE 22.2. Large uterine fibroid. Hysterosalpingography re- 
veals enlargement and a distortion of the endometrial cavity by 
a mural fibroid. 


at the border of the mass with adjacent normal tissue. 
Calcifications are seen as echogenic foci with associated 
shadowing. Rarely, the tumors have a whorled internal ap- 
pearance. The endometrial stripe may be stretched, en- 
larged, and distorted by adjacent masses, and in the case of 
pedunculated endometrial fibroids, a relatively hypoechoic 
mass completely within the endometrial cavity may be seen. 
Pedunculated serosal fibroids may be difficult to distinguish 
from other adnexal masses: they usually are hypoechoic. 
Fibroids may appear cystic if they have undergone necrosis 
or degeneration. Viable lesions usually demonstrate consid- 
erable flow by Doppler studies. Features of adnexal masses 
suggesting that they may be fibroids include typical calcifi- 
cations, a close anatomic association with the uterus, and 
demonstration of a normal ipsilateral ovary. 

During the first 6 months of pregnancy, serial ultrasound 
examinations may show enlargement of the fibroids. Acute 


FIGURE 22.3. Exophytic fibroid. Transvaginal ultrasound reveals 
a mass that is less echogenic than the adjacent myometrium 
(star). 
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FIGURE 22.4. Mural fibroid. The uterus is enlarged by a mass of 
mixed echogenicity. 


degeneration, presumably from infarction, may be observed 
when serial examinations reveal some change in echo texture 
along with acute pain. 

Computed tomography (CT) may delineate fibroids, but 
seldom as well as ultrasound and never as well as magnetic 
resonance imaging (MRI). Without intravenous contrast, fi- 
broids present a variety of appearances. They may cause 
uterine enlargement, and there may be a lobulated appear- 
ance of the external uterine surface. Visualization of discrete 
masses are uncommon, but masses may be seen if there are 
pedunculated fibroids attached to the serosal surface. 
Rarely, the endometrial space may be distorted by a large tu- 
mor. Usually, fibroids are isointense to normal my- 
ometrium; occasionally they may be less dense (Fig. 22.5) if 
they have undergone necrosis or degeneration. Rarely they 
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FIGURE 22.5. Uterine fibroid. A contrast enhanced computed 
tomography examination reveals an enlarged and heteroge- 
neously enhancing uterus. 


may demonstrate increased density if they have undergone 
recent hemorrhage, and they may display amorphous calci- 
fication with the characteristic “popcorn” appearance, or, 
less frequently, in a ring-like pattern. 

After the administration of intravenous contrast, fibroids 
may display a variety of appearances. The most characteris- 
tic is that of dense enhancement, but frequently they are iso- 
dense to normal myometrium, and if they are necrotic or de- 
generated, may not enhance at all. Very rarely, degenerated 
fibroids may appear as septated masses. 

MRI is the most accurate of all imaging techniques for 
detecting and delineating the anatomy of fibroids. The tu- 
mors may display a variety of signal intensities; the most 
common of these is isointensity or hypointensity (compared 
to normal myometrium) on T1-weighted images, and hy- 
pointensity on T2-weighted images (Fig. 22.6). Calcified 
regions have a very low intensity on all images. Extremely 
cellular tumors may appear slightly brighter on T2- 
weighted images, and, of course, cystic or degenerated re- 
gions appear bright. Lesions found to be very cellular by T2- 
weighted MRI are more likely to be successfully treated with 
gonadotropin-releasing hormone. The tumors occasionally 
display a bright rim on T2-weighted images, and their de- 
gree of enhancement on Ti-weighted images following 
gadolinium administration is variable. 

MRI may be useful in distinguishing serosal peduncu- 
lated fibroids from other adnexal masses. Demonstration of 
a normal ipsilateral ovary suggests that a mass may be of 
uterine origin. Low intensity on both T1- and T2-weighted 
images strongly suggests that the mass is a fibroid, although 


FIGURE 22.6. Uterine fibroids. T2-weighted sagittal magnetic 
resonance imaging reveals two low-intensity fibroids (F); one ex- 
tends inferiorly from the uterine fundus (U) and indents the blad- 
der; the other is superior to the fundus. 


ovarian fibromas also may display this appearance. If a 
serosal pedunculated fibroid is cystic or degenerated cen- 
trally, it may be more difficult to distinguish from other cys- 
tic or hemorrhagic adnexal masses. 


Sarcoma 


Uterine sarcomas are unusual but aggressive tumors. They 
may be of a number of histologic types. Leiomyosarcomas 
are the most common; some authors feel that they arise from 
fibroids. There are other single-cell-type sarcomas that arise 
from any of the connective tumors in the uterus, including 
stromal tumors, fibrosarcomas, angiosarcomas, and others. 
Approximately as common as leiomyosarcomas are mixed 
mullerian tumors, which contain elements of both carci- 
noma (presumably from the endometrium) and sarcoma; 
the sarcomatous element may be of any of a variety of cell 
types. 

Sarcomas often present with post-menopausal bleeding; 
there may be abdominal pain, enlargement of the uterus, 
and systemic symptoms such as weight loss. In patients 
known to have leiomyomas, rapid enlargement of the uterus 
or one of the tumors should suggest a uterine sarcoma. 

These tumors often are metastatic at the time of diagno- 
sis, and frequently recur after resection, even if systemic dis- 
ease was not evident initially. Metastases appear in the 
pelvis, lung, upper abdomen, and other sites. 

Imaging studies do not always permit differentiation of 
uterine sarcomas from other tumors, because they appear as 
masses on any imaging modality. Ultrasound may reveal 
them to be solid, or cystic and septated. Doppler ultrasound 
may show low impedance and low resistive indices in sarco- 
mas, but these features are seen in some leiomyomas as well. 
On CT, leiomyosarcomas are more likely to have necrotic 
regions than are leiomyomas, and may be larger and have 
more bizarre calcification. Nevertheless, they are often diffi- 
cult to distinguish from fibroids. Rapid increase in size sug- 
gests sarcomatous degeneration, as does the demonstration 
of nodal or other metastases. MRI reveals leiomyosarcomas 
to be heterogeneous, especially on T2-weighted images (Fig. 
22.7). Those that arise in or near the endometrial lining may 
destroy the endometrial and subendometrial layers normally 
seen on T2-weighted MR images. The tumors usually are 
large, and tend to have more irregular contours and indis- 
tinct borders than do leiomyomas. At the time of diagnosis, 
enlarged lymph nodes or metastases to the solid organs of 
the upper abdomen or lung also may be seen. 


Endometrial Diseases 


Adenomyosis 


Adenomyosis, sometimes called “endometriosis interna,” 
consists of proliferation of the endometrium within the my- 
ometrium. It is felt to result from invagination of normal 
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FIGURE 22.7. Uterine leiomyosarcoma. T2-weighted magnetic 
resonance imaging shows a heterogeneous mass with irregular 
bright regions of necrosis; the mass has arisen from the posterior 
portion of the lower uterine segment and has stretched and dis- 
torted the endometrial cavity (star). 


endometrial tissue into the myometrium, or possibly the de- 
velopment of mullerian rests. It may be focal, or it may ap- 
pear diffusely throughout the uterus; areas of adenomyosis 
always are continuous with the endometrium and junctional 
zone. There is muscular proliferation within the my- 
ometrium in response to adenomyosis; development of 
macroscopic cysts, however, is rare. 

Adenomyosis is an estrogen-sensitive condition. It usu- 
ally is found in women with several children. In mild and 
asymptomatic forms, it is estimated to occur in 10% to 40% 
of women. It may produce dysmenorrhea, infertility, and 
menorrhagia, and may coexist with endometriosis. It may be 
treated with Danazol or other drugs, or may require a hys- 
terectomy; techniques for local ablation of portions of the 
uterus continue to evolve. 

Physical examination in patients with severe adeno- 
myosis may reveal an enlarged but soft uterus. 

Ultrasound of the uterus with adenomyosis may reveal 
the organ to be of normal size or enlarged. The echo texture 
of the affected regions is different from that of normal my- 
ometrium, it may be heterogeneous or more echogenic than 
myometrium; hypoechoic regions have been described as 
well. There may be very small cysts in the abnormal regions. 
If the abnormality is focal, it is important to try to distin- 
guish it from a fibroid, because the latter is more amenable 
to local resection. Fibroids usually are more crisply outlined, 
and may have prominent peritumoral vessels, and are more 
likely to have large internal liquefied regions in areas of 
necrosis. Transvaginal ultrasound may approach the sensi- 
tivity of MRI in detecting adenomyosis, but MRI is dis- 
tinctly more sensitive than transabdominal ultrasound. 
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MRI of adenomyosis may reveal the process to be focal or 
diffuse. The abnormal regions always involve the junctional 
zone; if the zone remains visible, it is almost certain to be 
thickened. Adenomyosis often is invisible on T1-weighted 
images, but occasionally small hemorrhagic regions may ap- 
pear bright. On T2-weighted images, the affected regions 
appear to be of lower intensity than normal myometrium, 
and there is usually fine heterogeneity (Fig. 22.8). Small re- 
gions of fluid or blood may impart bright speckles. The 
margins of regions of adenomyosis usually are less well-de- 
fined than those of fibroids. 

Hysterosalpingography may reveal regions of adeno- 
myosis because the small glandular regions within it may fill 
with contrast and produce small collections in the regions of 
the myometrium. 


Hyperplasia 


Hyperplasia of the endometrium may occur in pre- 
menopausal or postmenopausal women. It almost always is 
a response to hyperestrogenism, which in turn can be en- 
countered in a variety of circumstances, including anovula- 
tory states, estrogen-producing tumors, or exogenous ad- 
ministration of estrogen or tamoxifen. Most cases do not 
progress to endometrial carcinoma, but those that reveal se- 
vere cytologic atypia may do so. 

Pathologically, the hyperplastic endometrium may exist 
as a smoothly thickened layer, a micronodular surface, or 
macroscopic polyps; the hyperplastic tissue may contain 
cysts. Endometrial hyperplasia may produce irregular bleed- 
ing in premenopausal women, and may cause post- 
menopausal bleeding. 

Hysterosalpingography may reveal the endometrial sur- 
face to be irregular, nodular, or polypoid. In some cases, the 
appearance may overlap with that of endometrial carci- 
noma. 


FIGURE 22.9. Thickened endometrial stripe (14 mm; cursors) in 
a postmenopausal woman. This may represent hyperplasia or car- 
cinoma. 


Ultrasound reveals various degrees of thickening of the 
endometrial stripe, especially if transvaginal ultrasound is 
used. In premenopausal women, a stripe more than 14 mm 
in width may indicate endometrial hyperplasia or other 
pathology; in postmenopausal women, the stripe should be 
considered abnormal if it is more than 8 mm in thickness 
(Fig. 22.9). High-quality, transvaginal ultrasound is quite 
sensitive in detecting hyperplasia and cancer; in a post- 
menopausal woman, an endometrial stripe of less than 4 or 
5 mm in thickness (Fig. 22.10) constitutes strong evidence 
that there is neither. 

CT is not normally used to distinguish endometrial hy- 
perplasia from normal, but in severe cases (Fig. 22.11) it 
may show an enlarged endometrial cavity. 

MRI may reveal enlargement of the endometrial canal in 
patients with endometrial hyperplasia; with this modality, 


FIGURE 22.8. Two cases of adenomyosis; T2-weighted magnetic resonance imaging. A: 
Transverse image reveals thickening of the anterior wall of the uterus; the involved region is of 
low background intensity with multiple, small, irregular, high-intensity foci. B: Sagittal image 
with similar findings. The low-intensity junctional zone is preserved posteriorly (arrowheads) but 
obscured by the adenomyosis anteriorly. (Courtesy of Nancy Budorick, M.D.) 


FIGURE 22.10. Normal postmenopausal endometrial stripe. 
Transvaginal ultrasound measures stripe thickness to be 2 mm 
(cursors; “A”). 


too, distinction between hyperplasia and small endometrial 
cancers may be difficult. 

Benign epithelial endometrial polyps also may be en- 
countered. Polypoid lesions within the endometrium also 
may represent polypoid carcinoma or pedunculated fi- 
broids. 

Hysterography reveals benign epithelial polyps as filling 
defects, which usually are relatively smooth (Fig. 22.12). 
They cannot always be distinguished from the other poly- 
poid lesions; their attachments to the myometrium by a 
thick base, and accompaniment by other fibroids, are signs 
that suggest the polyp is a fibroid. Ultrasound usually reveals 
adenomatous polyps to be fairly homogeneous and 
echogenic (Fig. 22.13); flow may be demonstrated in them 
by Doppler ultrasound. If sonohysterography is performed, 
the polyps may be more easily seen surrounded by the in- 
stilled fluid (Fig. 22.14). On T2-weighted MR images, ade- 
nomatous polyps may be relatively bright, and therefore dif- 
ficult to distinguish from endometrial carcinoma. 


FIGURE 22.11. Endometrial hyperplasia in a postmenopausal 
woman on tamoxifen. The endometrium is enlarged and visible 
as a low-density region surrounded enhancing myometrium. 
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FIGURE 22.12. Endometrial polyps. Multiple filling defects are 
seen on this hysterosalpingogram. 


Carcinoma 


Endometrial carcinoma is the most common primary gyne- 
cologic malignancy. It usually is adenocarcinoma, and seems 
to be more prevalent when there has been prolonged expo- 
sure to estrogen. Its incidence is increased among women 
with a family history of endometrial carcinoma, among nul- 
liparous women and those who have had few children; its 
incidence also is increased in women with obesity, diabetes, 
hypertension, and long-term tamoxifen administration. 
The most common clinical presentation of patients with 
endometrial carcinoma is postmenopausal bleeding. Less 
commonly, abdominal pain, or systemic symptoms related 
to specific sites of invasion or metastases may appear. The 
diagnosis is pathologic; endometrial tissue obtained by 
biopsy or by dilatation and curettage is necessary. Not all pa- 
tients with menopausal bleeding require endometrial 
biopsy, however; if transvaginal ultrasound reveals the en- 
dometrial stripe to be thin (less than 5mm), the likelihood 


FIGURE 22.13. Endometrial polyp demonstrated as an 
echogenic lesion in the endometrium. (Courtesy of Nancy 
Budorick, M.D.) 


490 Textbook of Uroradiology 


FIGURE 22.14. Endometrial polyp. Transvaginal sonohystero- 
gram shows moderately echogenic ovoid lesion. 


of carcinoma is so remote that many practitioners will omit 
biopsy. A thicker stripe may prompt a biopsy, but is not a 
very specific sign. 

Prognosis depends upon grade and stage. Histologic fea- 
tures permit division of tumors into grades 1, 2, and 3; the 
last has the worst prognosis. Staging is done according to the 
American Cancer Society System (Table 22.1). 

The tumors usually are treated with a total abdominal 
hysterectomy and bilateral salpingo-oophorectomy. 
Adjuvant radiotherapy sometimes is employed; chemother- 
apy and hormonal therapy occasionally are utilized; neither 
is curative, but each occasionally reverses tumor progression. 

Hysterosalpingography is not frequently performed in 
patients with endometrial carcinoma. It may reveal an irreg- 
ular endometrial mass or merely an irregular endometrial 
surface: small, flat tumors may be difficult to distinguish 
from endometrial hyperplasia. 

Ultrasound may reveal a variety of findings. In post- 
menopausal women, the endometrial stripe may be thick- 
ened. If 5 mm is used as a width threshold, patients with 
thinner endometrial stripes are exceedingly unlikely to have 
cancer (they often have endometrial atrophy, which can 
cause bleeding). A thick endometrial stripe is consistent 


TABLE 22.1. STAGING OF ENDOMETRIAL 
CARCINOMA 


Stage I Uterus only ; 
A. Endometrium only 
B. Superficial myometrial invasion 
C. Deep myometrial invasion 
Stage Il Extension to cervix 
Stage Ill Extension into pelvis 
Stage IV Local invasion or metastases 


A. Bladder or bowel invasion 
B. Metastases 


with carcinoma, endometrial hyperplasia, or an endometrial 
polyp. If the cervix has been obstructed by the tumor, there 
may be fluid or blood within the endometrium. The thin 
hypoechoic line, which represents the inner myometrium, 
may be interrupted if the tumor has invaded the uterine wall 
at that site. Transvaginal ultrasound is moderately accurate 
in displaying the depth of invasion. 

The CT appearance depends upon the stage of the tu- 
mor. Very small tumors may be invisible. A tumor that has 
expanded the endometrial cavity may produce a hypodense 
region in the center of the uterus. The border of the tumor 
is difficult to outline, so that depth of myometrial invasion 
can seldom be accurately estimated. If there has been gross 
invasion of the parametrial tissues, extrauterine masses or in- 
filtration of the adjacent fat may be observed. Lymph node 
metastases may be diagnosed if pelvic or paraaortic lymph 
nodes are enlarged. In those rare circumstances in which the 
tumor has appeared in response to prolonged estrogen stim- 
ulation from an estrogen-producing ovarian tumor, the 
ovarian mass may be visualized as well. Tumor that recurs 
after operative therapy may appear as inhomogeneous and 
inhomogeneously-enhancing pelvic masses. 

MRI reveals no specific findings on nonenhanced T1- 
weighted images. On T2-weighted images, endometrial car- 
cinoma tissue has characteristics similar to normal en- 
dometrium so that endometrial thickening or an 
endometrial mass (Fig. 22.15) that appears relatively bright 
may be seen. Interruption of the junctional zone may signal 
invasion, although this sign, like the analogous one in ultra- 
sound, is not extremely accurate. The tumor may enhance 
either more or less than the myometrium when gadolinium 
is administered and Tl-weighted images are acquired; en- 


FIGURE 22.15. Endometrial carcinoma. The low-intensity my- 
ometrium is thinned and expanded by a higher-intensity en- 
dometrial mass (star). 


hanced T1-weighted images may be more accurate than T2- 
weighted images or any other imaging modality in the as- 
sessment of depth of myometrial invasion. 

If the tumor is hemorrhagic, a portion of the lesion may 
appear bright on T1-weighted images. 


Gestational Trophoblastic Disease 


Gestational trophoblastic disease consists of a group of neo- 
plasms of variable malignancy, including hydatidiform 
mole, invasive mole, and choriocarcinoma. Moles and 
choriocarcinoma arise from placental villous tissue. 
Choriocarcinoma also may arise from the ovary, testis, and 
other sites. Hydatidiform moles and partial moles virtually 
always begin from a pregnancy; the incidence is about 1 per 
2,000 pregnancies. About 80% are benign, 15% invasive, 
and 5% clearly malignant. The tissue of gestational tro- 
phoblastic disease secretes large amounts of human chori- 
onic gonadotropin (BhCG), which is a relatively sensitive 
marker, useful both for initial diagnosis and for postthera- 
peutic follow-up. Moles may appear early in pregnancy, and 
may grow either in the uterus without any detectable fetus 
or gestational sac, or along with the gestational sac. In the 
latter case, the fetus may be undetectable or rudimentary 
and growth-retarded. Rarely is the fetus normal. In some 
cases, the fetus may have died at the time of diagnosis. 
Alternatively, moles may appear after birth, presumably 
arising from retained placental villous tissue. 

The clinical presentation of moles may include uterine 
enlargement and symptoms of pregnancy, including emesis. 
There may be lower abdominal pain, or vaginal bleeding, 
which may be profuse. Sometimes small pieces of tumor tis- 
sue may be extruded from the cervix. Moles sometimes are 
accompanied by theca lutein cysts in the ovaries, which 
form in response to the BhCG secreted by the moles. 

Treatment for benign molar disease consists of extensive 
dilatation and curettage; invasive moles and choriocarci- 
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noma are treated with methotrexate. The malignant tumors 
may metastasize to sites in the abdomen, the lungs, brain, 
and other locations. 

A variety of modalities have been used to diagnose and 
follow patients with gestational trophoblastic disease. A firm 
initial diagnosis is rarely, if ever, made without imaging, but 
imaging is not sufficient for clinical follow-up, either for lo- 
cal or distant disease: intrauterine residual disease, or small 
metastases, may both escape imaging detection and be diag- 
nosed only by elevated or rising BhCG levels. 

Radiography and urography play little role in the diag- 
nosis or work-up of gestational trophoblastic disease, but 
each may demonstrate the mass of an enlarged uterus; 
ureteral obstruction is rare. 

With a complete mole, ultrasound usually reveals a mass 
in the endometrial space, which is inhomogeneous, and 
contains numerous small echo-free regions (Fig. 22.16). 
The mass may appear to invade the myometrium; in some 
cases, its morphology may mimic that of adenomyosis. 
Partial moles present a challenge; the sensitivity of ultra- 
sound for detecting this disease is much lower than it is for 
complete moles. A mass distinct from the placenta may or 
may not be visible. There may or may not be a gestational 
sac, and the sac may or may not contain fetal echoes. 
Interpreting the images is aided by considering BhCG lev- 
els. If the levels are elevated to a point at which a fetal heart- 
beat should be detected but none is, a mole should be sus- 
pected. If the BhCG levels are higher than would be 
expected for the ultrasound-determined biometric age of the 
fetus, a mole should also be considered. If the placenta is too 
large for the dates of the pregnancy, or contains a cluster of 
cystic regions, a mole may be present. 

Resistive indices often are useful, both for the uterine ar- 
teries and for the vascularity of the lesion itself. Resistive in- 
dices are low in malignant and benign moles; although they 
tend to be lower in the malignant variety, there is a consid- 
erable overlap between the two groups. 


ML LONG 


FIGURE 22.16. Two cases of gestational trophoblastic disease. A: Ultrasound reveals echogenic 
mole with innumerable small echo-free regions. B: Gestational trophoblastic disease with a more 
heterogeneous pattern and larger cystic regions. (Courtesy of Nancy Budorick, M.D.) 
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CT is not the primary imaging technique for diagnosing 
gestational trophoblastic disease. There may be focal or to- 
tal enlargement of the uterus, and the lesion may appear as 
a region of diminished density and diminished and inho- 
mogeneous enhancement (Fig. 22.17). The lesion may be 
entirely within the endometrial space, or may invade the 
myometrium. Occasionally, ring-like or peripheral en- 
hancement is noted. When metastatic to the liver, malig- 
nant disease may display early and dense enhancement. 

MRI reveals uterine enlargement or a uterine mass. T1- 
weighted images do not clearly display the disease as distinct 
from normal uterus; enlarged or tortuous uterine arteries 
may be visible, however. On T2-weighted images, the lesion 
is relatively bright and heterogeneous; it often extends into 
the myometrium so that the normal zonal anatomy is ob- 
scured. With gadolinium, the interface between the lesion 
and myometrium may be better demonstrated than with 
T2-weighted images; small regions of myometrial invasion 
may be better demonstrated with contrast. 


Asherman’s Syndrome 


Asherman’s syndrome is an eponym associated with in- 
trauterine scars or senechiae. These are most often preceded 
by injury to the endometrium, which in turn is most often 
caused by curettage. Such senechiae also may form after 
other uterine surgery that involves the endometrial cavity, 
injury from intrauterine contraceptive devices, or preg- 
nancy-associated uterine injury. Clearly, severe endometritis 
may produce senechiae; infection, complicating any of the 
traumatic events mentioned above, makes scars more likely 
to form. 

Senechiae are most often diagnosed by hysterography or 
hysteroscopy. The appearance of the uterus at hysterogra- 


FIGURE 22.17. Recurrent gestational trophoblastic disease. A 
large uterine mass with characteristic computed tomography 
features of inhomogeneous enhancement is seen on this contrast- 
enhanced CT examination. (Courtesy of Nancy Budorick, M.D.) 


phy is variable, but always manifests some degree of adhe- 
sion of part of the endometrial surface to another. 
Adhesions may be in the fundus, body, or cervix, and may 
be single or multiple. Scars produce persistent lucencies on 
hysterograms (Fig. 22.18A); the lucencies can be distin- 
guished from those produced by endometrial polypoid le- 
sions because no contrast can flow around the lesions; scars 
therefore appear more lucent than polypoid filling defects. 
The scars may be linear or geographic. Occasionally, uterine 
scarring is so severe that most or all of the endometrial cav- 
ity is obliterated (Fig. 22.18B); injection of contrast into the 
external cervical os may opacify only the endocervical canal 
or part of it. Ultrasound may demonstrate scarring if it is se- 
vere; it has been reported to produce echogenic distortion of 
the endometrial stripe. 


Cervical Diseases 
Carcinoma 


Carcinoma of the cervix is the third-most-common primary 
gynecologic malignancy; endometrial carcinoma is the most 
prevalent and ovarian carcinoma is second. A number of risk 
factors have been identified for the disease, including multi- 
ple sex partners, young age at first sexual experience, multi- 
parity, sexually transmitted diseases, low socioeconomic 
class, cervical dysplasia, and the papilloma virus. Screening 
for the disease is primarily via Papanicolaou smear and phys- 
ical examination; definitive diagnosis requires examination 
of a pathology specimen obtained via direct, cone, or colpo- 
scopic biopsy. 

Approximately 90% of cervical carcinomas are squamous 
cell carcinomas, adenosquamous tumors and adenocarcino- 
mas also are found. Early-stage disease may be asymp- 
tomatic; vaginal discharge and/or bleeding are common 
symptoms. Advanced disease may produce systemic symp- 
toms, or those caused by obstructive uropathy and by man- 
ifestations of local invasion, including pain and fistulae. The 
prognosis of the disease varies with the pathologic grade of 
the biopsy specimen with clinical stage, and with tumor size, 
and depth of invasion. 

Staging still commonly is performed by the International 
Federation of Gynecology and Obstetrics (FIGO) system, 
which was developed without including information from 
high-quality ultrasound images or from CT, MRI, or la- 
paroscopy. It is clear that more accurate staging could be 
achieved using modern imaging techniques, but to date, 
data from them are not included in the conventional staging 
system. Table 22.2 represents the FIGO stages. 

Treatment depends strongly upon staging. Stage IA 1 tu- 
mors can be treated by simple hysterectomy or by cone ex- 
cisions; Stage 1A 2 tumors require radical hysterectomy. 
Stages IB and IA require radical hysterectomy and/or radi- 
ation therapy. For Stages IIB, III, and IVA, surgery is not 
likely to be curative, and radiation therapy is usually per- 
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FIGURE 22.18. Two cases of Asherman’s syndrome. A: Hysterogram shows multiple lucencies 
where endometrial surfaces are adherent. B: There has been nearly complete obliteration of the 
endometrial cavity. 


formed. Stage IVB disease usually is treated with a combi- 
nation of radiotherapy and chemotherapy. 

Work is ongoing regarding the degree to which progno- 
sis can be refined using imaging features of the tumor. 
Tumor size is important; MRI appears to be the most accu- 
rate volumetric technique. Aspects of tumor perfusion, as 
demonstrated by dynamic MR scanning after a gadolinium 
bolus, also may help to predict response to radiation ther- 
apy. Detection of hydrometra or hematometra by MRI, ul- 
trasound, or CT is important prior to radiation therapy; a 
small fraction of patients with these conditions may develop 
severe inflammatory changes with pyometra during radio- 
therapy. 

Small cervical carcinomas may be extremely difficult to 
depict by transabdominal ultrasound, and may even escape 


TABLE 22.2. STAGING OF CERVICAL CARCINOMA 


Stage 0 Noninvasive 

Stage | Invasive; cervix only 

Stage Il Carcinoma extends beyond cervix; no pelvic 
wall invasion 
A. No parametrial invasion 
B. Parametrial invasion 

Stage III Carcinoma extends to pelvic wall 
A. Contiguous with wall; no wall invasion 
B. Invades pelvic wall and ureter 

Stage IV Carcinoma extends beyond true pelvis and/or 


invades rectum or bladder. 


detection by transvaginal ultrasound; this limitation has re- 
stricted the utility of ultrasound as a screening test for the 
disease. When the tumors become larger, ultrasound may 
detect enlargement of the cervix, dilatation of the fundal en- 
dometrial cavity if the cervical canal has been obstructed, 
and in some cases, extension of the tumor into the parame- 
trial tissues. Tumors that have advanced to the point of ob- 
structing ureters may produce hydronephrosis, which can be 
detected by ultrasound. 

Excretory and retrograde urography occasionally may 
demonstrate pelvic masses in patients whose carcinomas are 
large, and may demonstrate any distal ureteral obstruction 
that ureteral invasion or compression has caused. 

CT may fail to detect small tumors. If the tumor is large, 
cervical enlargement may be detected. The tumors (Fig. 
22.19A) may or may not be distinguishable from adjacent 
cervical tissue based on their dynamic enhancement pat- 
terns. Obliteration of intervening fat planes suggests that the 
tumor has invaded adjacent organs such as the rectum and 
bladder. However, the presence or absence of fat planes is, 
at best, only a moderately accurate way of determining such 
invasion. Very large tumors that have invaded the lateral 
pelvic sidewall may be directly demonstrated to have done 
so. Tumors that obstruct the cervical canal may produce vis- 
ible hematometra or hydrometra. Hydronephrosis may be 
demonstrable if the tumor has invaded the ureters. CT is 
only moderately accurate in determining whether the tu- 
mors have invaded the parametrial tissues; indistinctness of 
the borders of the lower uterine segment or cervix is the only 
sign of such invasion unless there has been gross tumor en- 
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FIGURE 22.19. A: Cervical carcinoma. A contrast-enhanced computed tomography examination 
reveals a heterogeneously enhancing cervix. B: Confluent enlarged prevertebral nodes obstruct- 
ing the right ureter indicate lymph node metastases. 


croachment into the paracervical fat. Tumors that have pro- 
duced nodal metastases may be diagnosed if the nodes are 
enlarged (Fig. 22.19B); as with other malignancies, micro- 
scopic deposits in normal-sized nodes will not be detected 
by CT. The overall accuracy of CT in staging tumors has 
been estimated to range from 60% to 90%. 

Following hysterectomy, tumors that recur in the pelvis 
may be demonstrable as masses, which in turn may be in- 
nately heterogeneous and heterogeneously enhancing. In the 
months immediately following hysterectomy, distinction be- 
tween recurrent tumor and postoperative inflammation or 
edema may be difficult. Later, enlarging soft-tissue structures 
are almost certain to represent recurrent tumor; tumor may 
be distinguished from fibrosis because the latter forms linear 
or curvilinear shadows rather than bulky masses. 

MRI is the most accurate way to depict local tumor. A tu- 
mor almost always is brighter than adjacent cervical stroma 
on T2-weighted images (Fig. 22.20); small tumors may be 
difficult to distinguish from adjacent normal myometrium 
on nonenhanced T1-weighted images. Very small tumors 


FIGURE 22.20. Cervical cancer. T2-weighted magnetic reso- 
nance imaging reveals a large mass (star) that has replaced the 
cervix. The TE is only 50 msec, so T2-dependent contrast is not 
pronounced. 


cannot be detected. Sometimes, demonstration of multiple 
small cystic regions within the tumors may suggest that the 
tumor is an adenocarcinoma rather than a squamous cell 
carcinoma. 

MRI may help to determine the depth of invasion 
through the cervical stroma. High-quality MR images may 
demonstrate a dark ring around the cervix, which represents 
the stroma; if this ring is intact, deep or complete invasion 
of it by the tumor is unlikely to have occurred. Both T2- 
weighted images and gadolinium-enhanced T1-weighted 
images may depict the margin between the advancing edge 
of the tumor and the adjacent normal myometrium; which 
one of the two techniques is clearly more accurate has yet to 
be established. Also, although it is clear that fast imaging 
and intravaginal or intrarectal surface coils may improve the 
spatial and contrast resolution of the images, it has not been 
demonstrated conclusively that a real advantage in staging 
accuracy can be achieved by these refinements. Overall stag- 
ing accuracy of MRI has been quoted as ranging from 76% 
to 83%. 

MRI is more accurate than other techniques for estab- 
lishing tumor size, which has prognostic significance. Exact 
depiction of tumor configuration permits demonstration of 
invasion of the pelvic sidewalls, bladder, rectum, or vagina. 
MRI, like CT, depends upon size criteria to detect metas- 
tases to lymph nodes. 

In patients who have been treated with radiation and/or 
hysterectomy, MRI may determine whether residual soft- 
tissue structures in the pelvis represent post-therapy fibrosis 
or recurrent tumor. T2-weighted images are required, in 
which fibrosis may appear with a low signal intensity, 
whereas tumor appears relatively bright. This distinction 
cannot be made easily in the first few months following 
therapy, however, since rapidly forming benign fibrous tis- 
sue may appear relatively bright because of the same pre- 
ponderance of free water that exists in rapidly growing tu- 
mor. Mature stable fibrosis is reliably low-intensity, 
however. 


Early work with F'®-fluorodeoxyglucose positron emis- 
sion tomography (FDG-PET) suggests that this technique 
may be more sensitive than CT and MRI in detecting nodal 
metastases and pelvic recurrences. 


Nabothian Cysts 


Nabothian cysts are relatively common; they are small le- 
sions felt to be retention cysts. They usually appear on the 
surface of the cervix or immediately beneath it; but also may 
be found within the epithelium of the endocervical canal. 
They are demonstrated by transvaginal sonography as small 
anechoic spherical lesions; on T2-weighted MR images, 
they appear as small, bright, homogeneous cystic lesions. 


PELVIC INFLAMMATORY DISEASE 


Pelvic inflammatory disease (PID) is a common affliction. 
In North America, it is usually caused by sexually transmit- 
ted neisseria gonorrheae or chlamydia trachomatis. Risk fac- 
tors for contracting this disease include multiple sexual part- 
ners and intrauterine contraceptive devices; sexually active 
young girls are at greater risk than older women. 

The disease presents with pelvic pain, fever, dyspareunia, 
and vaginal discharge; lower abdominal and cervical tender- 
ness are common. Long-term complications include infer- 
tility and ectopic pregnancies. The disease may cause en- 
dometritis, salpingitis, oophoritis, pyosalpinx, tuboovarian 
abscesses, and local peritonitis. Late pathologic conse- 
quences include hydrosalpinx, salpingitis isthmica nodosa, 
pelvic adhesions, and, if there has been intrauterine instru- 
mentation, endometrial synechiae (Asherman’s syndrome). 

Most patients are treated successfully with antibiotics. A 
minority require image-guided interventional procedures, 
which may be performed percutaneously, transvaginally, or 
transrectally. Occasionally, formal surgery is required to re- 
sect a chronically inflamed tuboovarian abscess with pyo- 
salpinx. 

Radiography and urography have no place in the work- 
up of PID, and are used only when the clinical picture re- 
quires other conditions to be excluded. 

Ultrasound is the mainstay of imaging diagnosis. It may 
extend the findings of physical exam in acute PID: palpation 
of the cervix with an endovaginal probe may elicit severe 
tenderness. Imaging findings are variable; some patients 
with acute PID have no definite ultrasound abnormalities. 
Intrauterine abnormalities may be encountered: the en- 
dometrial stripe may be distorted or difficult to see, and 
there may be a small amount of fluid in the cavity. The 
uterus may be slightly enlarged. The fallopian tubes may be 
thickened without a visible lumen, or if pyosalpinges have 
appeared, they may be distended with fluid; the lumen may 
contain fluid-debris levels. One or both ovaries may be en- 
larged. If a tuboovarian abscess has appeared, a fluid-filled 
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lesion arising from the ovary may be visualized (Fig. 22.21). 
This, too, may have a thick wall, especially if the abscess is 
acute, and may demonstrate a fluid-debris level. Inflamed 
fallopian tubes and ovaries may produce a number of ap- 
pearances; combinations of swelling, complex masses with 
thick and thin walls may be encountered. When no discrete 
fluid collection is seen, the lesion may be called a tuboovar- 
ian complex rather than a tuboovarian abscess. Additional 
signs suggesting inflammation include the inability to 
demonstrate free sliding motion at the interfaces berween 
the uterus or adnexi and adjacent pelvic viscera. There may 
also be fluid in the cul-de-sac. 

Remote bouts of PID may produce sonographically-visi- 
ble chronic abscesses or hydrosalpinges (Fig. 22.22); these 
are less likely to be tender, and usually have thinner walls 
than do the acute varieties. Differential diagnosis of fluid- 
filled structures near the uterus include fluid-filled bowel 
loops and blood vessels; observation of peristalsis, and of 
blood flow by Doppler sonography, usually distinguishes 
these. Pelvic adhesions also may appear following PID; these 
often are not detected by ultrasound, but may produce blur- 
ring of the margins of the ovary and adherence of the ovary 
to the surface of the uterus. 

CT is not a first-line technique for investigating patients 
with possible PID. Nevertheless, it may be performed when 
conditions like appendicitis are suspected. Endometritis sel- 
dom is detected unless cervical obstruction is present. 
Inflammation of the ovaries and tubes may be demonstrated 
by inflammatory infiltration of adjacent fat. Pyosalpinges or 
hydrosalpinges may be demonstrated as fluid-filled struc- 
tures adjacent to the uterus. Fluid-filled fallopian tubes may 
be identified as such by following them to the cornua; these 
may be distinguished from other cystic adnexal lesions be- 
cause they are frequently tortuous and tubular rather than 
spherical. Tubo-ovarian abscesses appear as fluid-filled ad- 


FIGURE 22.21. Tubo-ovarian abscess. A multiloculated cystic ad- 
nexal lesion is seen with thick irregular walls; a few small echoes 
are seen in the largest cavity. (Courtesy of Nancy Budorick, M.D.) 
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FIGURE 22.22. Hydrosalpinx. Ultrasound shows a serpiginous 
distended fluid-filled tube. (Courtesy of Nancy Budorick, M.D.) 


nexal lesions: acute abscesses (Fig. 22.23) usually have thick 
walls and adjacent inflammatory changes in the fat, whereas 
chronic ones usually are thinner-walled and have fewer in- 
flammatory changes. Bubbles of gas in tubo-ovarian ab- 
scesses are extremely rare, so that when they are encoun- 
tered, strong consideration should be given to an abscess of 
enteric origin. Sometimes adnexal inflammatory disease 
does not produce clear fluid collections, but may appear as 
ill-defined thickening of the fallopian tubes and ovaries; un- 
der such circumstances, a specific diagnosis often is quite 
difficult. 

MRI reveals purulent fluid in tubo-ovarian abscesses or 
pyosalpinges to have the same appearance as pus elsewhere. 
The fluid usually is of low intensity on T1-weighted images 


FIGURE 22.23. Pelvic abscess. Computed tomography reveals an 
enlarged uterus anterior to a large fluid collection representing 
pelvic inflammatory disease; the bladder (8) is anterior to the 
uterus. (Courtesy of Nancy Budorick, M.D.) 


and bright on T2-weighted images. Occasionally, en- 
dometriosis may complicate the inflammatory changes, so 
that the fluid may be bloody and appear bright on T1- 
weighted images. Inflamed walls of the fallopian tubes or ab- 
scesses enhance with gadolinium on T1-weighted images. 

The serpiginous course of fluid-filled obstructed fallop- 
ian tubes may be particularly well demonstrated by MRI if 
multiple imaging planes are used. Small series have sug- 
gested that MRI is more sensitive than ultrasound—even 
transvaginal ultrasound—in depicting these changes. 

Hysterosalpingography is contraindicated as an imaging 
technique during acute bouts of PID. But the technique of- 
ten is used in an infertility work-up of patients who have 
had PID in the past, and may reveal a variety of abnormali- 
ties. The tubes may be occluded and fail to opacify. 
Alternatively, the distal ends of the tubes may be occluded, 
so that the tubes fill and distend during injection, but do not 
spill contrast into the peritoneum (Fig. 22.24). Not infre- 
quently, there is a discrepancy in the degree of hydrosalpinx 
demonstrated by hysterosalpingography and by other tech- 
niques. A fallopian tube that is occluded at two points, and 
that is distended in between, may appear as a hydrosalpinx 
on noninvasive imaging, but fail to opacify at all on hys- 
terosalpingography. Alternatively, a distally occluded tube 
may be transiently distended during hysterosalpingography, 
but appear of normal diameter when other techniques are 
used. 

Hysterosalpingography is insensitive in diagnosing pelvic 
adhesions, but when extensive adhesions are present, certain 
abnormalities may appear. Contrast may not spill from the 
fimbriated end or, if it spills, it may fill a loculated and rel- 
atively fixed cavity rather than spreading freely throughout 
the peritoneal space of the pelvis (Fig. 22.25). 

Chronic inflammation of the fallopian tubes may lead to 
salpingitis isthmica nodosa (SIN). This condition is diag- 
nosed with salpingography. Multiple tiny diverticulae are 


FIGURE 22.24, Bilateral hydrosalpinx. The ampullary portions of 
the fallopian tubes are dilated and there is no peritoneal spill. 


FIGURE 22.25. Pelvic adhesions from pelvic inflammatory dis- 
ease. Hysterosalpingographic contrast spills from the fimbriated 
end of the left tube, and fills a large irregular cavity (star); there 
is no free flow within the peritoneum. The right tube is ob- 
structed; the endometrial cavity is normal. 


seen, which fill from the lumen of the tube (Fig. 22.26). The 
diverticulae usually occur in clusters rather than being uni- 
formly distributed along the tube and are most frequently 
encountered in the isthmus adjacent to the interstitial por- 
tion of the tube. The diverticulae are cavities in small nod- 
ules of postinflammatory tissue, which may be visualized la- 
paroscopically and palpated. They frequently appear along 
with other hysterosalpingographic evidence of prior inflam- 
matory disease, such as tubal occlusion and hydrosalpinx. 
SIN is associated with decreased fertility and an increased 
likelihood of tubal ectopic pregnancy. 


FIGURE 22.26. Salpingitis isthmica nodosa (right) and hydros- 
alpinx (left). Multiple tiny diverticuli extend from the isthmic por- 
tion of the right tube. 
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Nuclear medicine has not played a large role in diagnos- 
ing PID, but scintigraphy using tagged leukocytes has been 
shown to demonstrate the inflamed structures. 


DISEASES OF THE ADNEXA 
Ovarian Neoplasms 


Ovarian tumors are composed of a wide variety of types. 
Although they are not the most common gynecologic ma- 
lignancy, they cause more deaths than any other primary gy- 
necologic tumor because they are so often asymptomatic 
until they have reached an incurable stage, and because 
widespread effective screening has yet to be developed. 

There are several groups of primary ovarian tumor types; 
in descending order of frequency, these are epithelial tu- 
mors, germ-cell tumors, sex cord-stroma tumors, and go- 
nadoblastoma. Other malignancies may metastasize to the 
ovary as well. 

Among the epithelial tumors, serous cystadenomas and 
cystadenocarcinomas are relatively common, as are muci- 
nous cystadenomas, cystadenocarcinomas, and endometri- 
oid tumors. In this group, the majority are benign; a smaller 
proportion are of borderline malignancy, and a yet smaller 
fraction are clearly malignant. Brenner tumors and clear-cell 
epithelial cell tumors are seen less often. 

Germ-cell tumors are composed of dermoid tumors or 
benign cystic teratomas. They contain a combination of tis- 
sues, including teeth, hair, and oily, sebaceous or fatty ma- 
terial and neural tissue. Malignant teratomas are less com- 
mon, and squamous-cell carcinoma is even rarer. 
Dysgerminomas are an uncommon variety of germ-cell tu- 
mor. Yolk sac, or endodermal sinus tumors also are rare, as 
are choriocarcinomas. Ovarian tumors encountered in the 
pediatric age group are most likely to be germ-cell tumors. 

The least frequently encountered group of primary ovar- 
ian tumors are the sex cord-stroma tumors, types of which 
include the fibroma-thecoma, granulosa-cell tumor, and 
Sertoli-Leydig-cell tumor. 

Extraovarian malignancies may metastasize to the uterus. 
Breast carcinoma and lung carcinoma may do so as may ade- 
nocarcinoma of the stomach or colon. The term 
Krukenberg tumor originally was applied to metastases, 
which consisted of epithelial tissue with a specific signet- 
ring appearance of individual cells; the term is now some- 
times used to denote any tumor metastatic to the ovary. 
Epithelial carcinomas of one ovary frequently appear on the 
contralateral one as well. 

Many primary ovarian tumors remain asymptomatic for 
a lengthy period. Local symptoms from mass effect may oc- 
cur; abdominal swelling or bloating or a sensation of pelvic 
fullness may be reported, or the tumor itself may be pal- 
pated. Uncommonly, dyspareunia is encountered; large 
masses may produce pain. Symptoms caused by ascites or 
pleural effusions may occur in late-stage cancer. Ovarian tu- 
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mors may undergo torsion and cause severe pelvic or lower 
abdominal pain. Late-stage tumors may cause bowel ob- 
struction. Meigs’ syndrome, which is classically described 
but infrequently encountered, includes ascites and a right 
pleural effusion, which accompany an ovarian fibroma. 

Some tumors secrete hormones and other substances that 
help establish the diagnosis. Estrogen may be secreted by 
granulosa-cell and theca-cell tumors, which leads to preco- 
cious puberty in girls, or signs of postmenopausal bleeding 
in older women; these tumors have even produced viriliza- 
tion. There may be effects of estrogen on target tissues, in- 
cluding postmenopausal endometrial hyperplasia, endome- 
trial carcinoma, or changes in the glandular tissue of the 
breasts. Sertoli-Leydig-cell tumors may lead to virilization as 
a result of production of testosterone. The tumors also may 
secrete detectable substances that are clues to their diagnosis 
or to their posttherapy recurrence. These include CA-125, 
which is elevated in about four fifths of patients with ep- 
ithelial ovarian malignancies; human chorionic go- 
nadotropin, which can be secreted by choriocarcinoma and 
embryonal cell carcinoma; and elevated levels of alpha-feto- 
protein, which may be secreted by embryonal cell and en- 
dodermal sinus tumors. 

Mucinous adenocarcinomas of the ovary, like certain 
mucinous tumors elsewhere in the abdomen, may spread 
throughout the peritoneal cavity, so that widespread mucin 
production fills the peritoneal cavity with a jelly-like sub- 
stance. This condition is called pseudomyxoma peritonei, 
and may produce abdominal enlargement, bloating, pain, 
and even bowel obstruction. 

The biology of the tumors has frustrated the develop- 
ment of screening measures; tests that are sufficiently accu- 
rate and inexpensive have been hard to find. To date, atten- 
tion has focused on screening ultrasound and 
determinations of serum CA-125. Ultrasound is not inex- 
pensive, especially when combined with transvaginal exam- 
ination, and reveals many ovarian space-occupying lesions 
that ultimately are shown to be benign. CA-125 is elevated 
in most epithelial ovarian cancers, but also is increased in 
other cancers, including those of breast, colon, and pancre- 
atic origin. CA-125 also may be elevated as a result of non- 
neoplastic disease, which in turn may be gynecologic (en- 
dometriosis, adenomyosis, fibroids), nongynecologic 
(cirrhosis, diverticulitis), and even physiologic (pregnancy). 
Although these factors make general screening only ques- 
tionably effective, it is possible to identify a set of patients 
for whom screening might be worthwhile. Having first-de- 
gree or second-degree relatives with the disease increases the 
risk, as does nulliparity. Carcinoma of the breast doubles the 
risk of acquiring ovarian cancer, and a family history of en- 
dometriosis or some colon tumors increases the risk. 
Screening may be worthwhile in high-risk groups. If screen- 
ing is performed, a combination of CA-125 and ultrasound 
(preferably transvaginal) should be performed. If both are 
abnormal, the chances that the affected patient has ovarian 


carcinoma are markedly elevated; elevated CA-125 in the 
face of normal ovarian morphology does not seem to in- 
crease the likelihood of having ovarian cancer. Although 
preliminary data suggest that life expectancy may be im- 
proved by a carefully tailored screening program, a reliable 
conclusion is not yet possible. 

Staging of ovarian cancer is crucial, both for prognosis 
and treatment. The currently used system is that adopted by 
FIGO: The staging system (Table 22.3) depends primarily 
upon initial operative, rather than imaging, findings. 

Initial treatment of ovarian cancer almost always is surgi- 
cal. Usually, the patient has a total abdominal hysterectomy 
and bilateral salpingoophorectomy. Only in very rare cir- 
cumstances, in which there is a small tumor clearly limited to 
one ovary, the uterus and other ovary may be left to permit 
fertility. Surgery includes widespread abdominal and pelvic 
exploration to seek peritoneal implants and peritoneal wash- 
ing to search for exfoliated cells from metastases. If there is 
extensive abdominal disease, a debulking procedure is per- 
formed in which as much tumor is removed as possible. This 
procedure might improve the effectiveness of postoperative 
chemotherapy, but its efficacy has not been proven. 

Except for the most localized of disease, the majority of 
patients receive postoperative chemotherapy, usually cis- 
platin or carboplatin in conjunction with another agent. At 
an interval after chemotherapy, a “second-look” laparotomy 
sometimes is performed for disease assessment, but CT and 
CA-125 follow-up studies have rendered the utility of this 


operation questionable. 


TABLE 22.3. STAGING OF OVARIAN CARCINOMA 


Tumor Limited to the Ovaries 


Stage | A. One ovary 
B. Both ovaries 


C. One or both ovaries, with ascites 


Pelvic extension 
A. Tumor in uterus and/or tubes 
B. Tumor in other pelvic tissues 
C. Pelvic extension also with tumor on 
ovarian surface, with ruptured capsule 
or with ascites. 1 


Stage II 


Ovarian tumor with extra pelvic peritoneal 
tumor and/or retroperitoneal and/or 
inguinal nodes and/or serosal implants on 
abdominal viscera. 

A. Negative nodes; microscopic abdominal 
peritoneal implants 

B. Negative nodes but abdominal implants 
>2 cm in diameter 

C. Abdominal and serosal implants >2 cm 
and/or retroperitoneal or inguinal 
nodes. 


Stage III 


Stage IV Distant metastases and/or malignant pleural 
effusions, and/or intraparenchymal hepatic 


metastases 


FIGURE 22.27. Serous cystadenoma. Transabdominal ultra- 
sound reveals a multilocular cystic tumor with a dependent layer 
of debris (arrow). 


Radiography and urography are not used deliberately to 
detect ovarian cysts; large benign or malignant cysts may be 
directly visible as pelvic masses, and ascites may be de- 
tectable. Any pelvic space-occupying lesion, if sufficiently 
large, may cause ureteral obstruction. Occasionally, small 
bowel or barium enema examinations reveal metastatic 
ovarian carcinoma as mural masses in the gut; enteric 
metastatic disease occasionally produces bowel obstruction. 

Ultrasound is the primary imaging modality for the de- 
tection of cystic ovarian lesions. Cystadenomas have ultra- 
sound characteristics similar to those of simple cysts else- 
where in the body. The fluid usually is anechoic and 
produces enhanced through-transmission; occasionally, 
hemorrhage or other debris may appear as low-level echoes 
in the dependent portion (Fig, 22.27). The wall is circular 
or ovoid and is thin; in cystadenomas, regions of solid tissue 
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should not be detectable. Cystadenomas occasionally have 
septi, but they are few and thin. Calcification is unusual. 

Cystadenocarcinomas tend to have regions of viable solid 
tissue (Fig. 22.28); this may appear as regions of thickening 
in the wall or thick septi (which may be more numerous 
than those seen in cystadenomas), or as papillary nodules 
within the wall or projecting into the cystic region. 
Occasionally, adenocarcinomas may consist primarily of 
solid perfused tissue and have only small cystic regions 
within them. The fluid within mucinous cystadenocarcino- 
mas tends to have more echoes within it than the fluid in 
serous cystadenocarcinomas. 

Doppler ultrasound contributes a great deal of informa- 
tion that is of value in distinguishing benign from malignant 
cystic lesions. The pulsatility index or the restive index often 
shows low-impedance flow through the solid tissue. Various 
authors have suggested different thresholds of these indices 
for distinguishing benign from malignant lesions. 
Malignant tumors are much more likely to have Doppler- 
detectable flow in central regions, whereas both benign and 
malignant lesions may demonstrate peripheral flow. 
Doppler indices are not perfect in distinguishing benign 
from malignant lesions, however. Even nonneoplastic ves- 
sels whose muscular walls are dilated will produce relatively 
low pulsatility and resistive indices, so that the inflamma- 
tory tissue in the margins of some tubo-ovarian or other ab- 
scesses may mimic the Doppler pattern of malignancy, as 
may flow in the margins of rapidly changing or hemorrhagic 
corpus luteum cysts or even in some dermoids. 

In widespread intraabdominal disease, ultrasound also 
may provide valuable information. Ascites is frequently 
demonstrable, as are cystic masses of the serosal surfaces of 
the gut, omentum, or upper abdominal viscera; occasionally 
enlarged pelvic lymph nodes or hepatic metastases may be 
demonstrable as well. In patients in whom widespread mu- 


FIGURE 22.28. Two cases of cystadenocarcinoma. A: Transabdominal ultrasound reveals a cystic 
lesion with irregular wall and mural nodule. B: Transvaginal ultrasound demonstrates nodule of 


solid tumor. (Courtesy of Nancy Budorick, M.D.) 
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cinous carcinoma has caused pseudomyxoma peritonei, ul- 
trasound may reveal a large amount of intraperitoneal mate- 
tial, which is of low echogenicity and avascular. No tech- 
nique is very sensitive, either initially or after therapy, for 
small peritoneal implants. 

CT of ovarian cystadenomas reveals findings similar to 
the ultrasound features. The lesions are water density 
(rarely, they may be denser because of hemorrhage) and 
their central portions do not enhance. The walls are very 
thin and enhancement of them may be minimal (Fig. 
22.29). They are ovoid or spherical, and contain no internal 
papillary projections or vegetations and no enhancing solid 
components. There may be curvilinear calcification in the 
wall. There is no size threshold that clearly separates cys- 
tadenomas from cystadenocarcinomas, but malignant tu- 
mors tend to be larger than benign ones. Lesions smaller 
than 5 cm in diameter and that have no thick wall segments 
or solid components are very likely to be benign. 

Cystadenocarcinoma reveals CT findings qualitatively 
similar to the ultrasound ones. The walls of the cystic por- 
tions may be thicker, either focally or circumferentially, and 
the central portions of the tumor may contain solid enhanc- 
ing nodular regions (Fig. 22.30); occasionally, the solid tis- 
sue will predominate, or the tumor may even be completely 
without cystic areas. When seen on CT, the tumors usually 
are larger than 5 cm in diameter, and may reach a huge size, 
becoming 12 or 24 cm in diameter. The solid portions may 
calcify. 

Intraabdominal metastatic disease has a variety of pat- 
terns (Fig. 22.31). Tumor nodules may be seen on the pari- 
etal peritoneum or on the serosal surface of any portion of 
the gut or on the surface of the liver or spleen. Lymph node 
enlargement suggests involvement with metastatic disease; 
the first nodes to enlarge may be at the level of the renal 
hilus rather than in the pelvis. More widespread intraperi- 


FIGURE 22.29. Serous cystadenoma. This large lower abdominal 
mass has very thin walls and septae. (Courtesy of Nancy Budorick, 
M.D.) 


FIGURE 22.30. Papillary cystic ovarian neoplasm. Computed to- 
mography reveals a mixed cystic and solid mass surrounded by as- 
cites. This lesion had histologic elements of juvenile granulosa- 
cell tumor. (Courtesy of Nancy Budorick, M.D.) 


toneal metastases may be demonstrated by generalized 
thickening and infiltration of the omental fat (omental 
“caking”) or as extensive areas of heterogeneous solid tissue 
anywhere in the peritoneal cavity. Focal metastatic lesions in 
the liver or spleen usually are late manifestations, and usu- 
ally are cystic with solid components and enhancing rims. 
Metastases may calcify. Ascites is frequently seen with dis- 
seminated disease, and pleural effusions may occur as well. 
Lung metastases appear late. 

Because the disease spreads in part via small serosal im- 
plants that initially are too small to see, CT is not highly sen- 
sitive for detecting disseminated disease. Sensitivity can be 
increased by CT peritoneography, a study in which dilute 
contrast material is instilled into the peritoneum in suffi- 
cient volume that the serosal surfaces of the gut and parietal 
peritoneum can be outlined by the infused material; im- 
plants may appear as small nodules. Even this technique, 
however, cannot demonstrate extremely small metastases, 
which may be numerous. 

CT may play a role after initial radiotherapy and 
chemotherapy. Despite only moderate sensitivity, whose 
primary therapy produces a high chance of cure, serial CT 
examinations along with serial CA-125 determinations may 
be sufficient to follow patients. But in those patients whose 
initial therapy still leaves the patient at considerable risk for 
recurrent disease, a negative CT examination may be fol- 
lowed by second-look laparotomy or laparoscopy to deter- 
mine whether additional chemotherapy or radiation therapy 
might be in order. 

MRI reveals the morphology of ovarian cystadenomas 
and cystadenocarcinomas particularly well. Cystadenomas 
usually have thin walls, and only rarely have papillary pro- 
jections into the fluid-filled space. In most cases, the fluid is 
of low intensity on T1-weighted images and bright on 


T2-weighted images; hemorrhage may produce bright fluid 
on T1-weighted images. Cystadenocarcinoma has fluid in 
cystic regions that appears similar; mucinous cystadenocar- 
cinoma may have central necrotic regions that are of inter- 
mediate intensity on T1-weighted images. As with CT, fo- 
cally or circumferentially thickened walls with internally 
projecting papillary regions or vegetations are common; 
septi tend to be thicker and more numerous than they are in 
cystadenomas. The solid regions usually enhance heteroge- 
neously with gadolinium. 

Disseminated intraabdominal disease may cause ascites, 
although not all patients with cystic ovarian tumors and as- 
cites necessarily have malignancies. Tumor nodules on vis- 
ceral surfaces and parietal peritoneum may appear as mod- 
erately low intensity masses on T1-weighted images and as 
bright regions on gadolinium-enhanced, T1-weighted im- 
ages and on T2-weighted images. A variety of techniques 
have been used to increase the conspicuity of small peri- 
toneal masses, including fat-saturation and gadolinium en- 
hancement with T1-weighted images. The inability to de- 
tect peritoneal implants that are smaller than 10 to 15 mm 
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FIGURE 22.31. Widespread intraabdominal metastic dis- 
ease from ovarian cystadenocarcinoma. A: The ovaries are 
enlarged and contain mixed cystic and solid lesions; there 
is ascites and an inhomogeneous mass (star) anterior to 
them. B: There is omental “caking,” or thickening (star), 
outlined by the surrounding ascites. C: A mass of enlarged 
retroperitoneal nodes (star) extends anteriorly from the 
aorta. 


is a problem for MRI just as it is for CT. Hepatic metastases 
are more common on the surface of the organ, but intra- 
hepatic lesions may appear as irregular masses that fre- 
quently have fluid in their centers and halos of perfused tis- 
sue with irregular borders. 

Tumors other than cystadenomas and cystadenocarcino- 
mas often are indistinguishable from each other by imaging 
characteristics. However, there are certain circumstances in 
which specific diagnoses can be suggested. 

Dermoids may appear cystic, solid, or mixed on any 
modality. If they have fat-density material within them on 
CT (Fig. 22.32), if fat-saturation techniques can demon- 
strate fat on MRI, or if tooth-like calcification can be 
demonstrated on CT or radiography (Figs 22.1 and 22.33), 
the diagnosis can be reasonably certain. But not all dermoids 
have demonstrable fat or teeth, and they may be cystic, 
solid, or a combination of the two. Gray-scale ultrasound 
therefore reveals a wide variety of cystic, complex, and solid 
patterns (Fig. 22.34); occasionally, cystic ones will demon- 
strate a fat-fluid level, and the calcified portions may pro- 
duce extremely echogenic shadowing foci. Doppler ultra- 
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FIGURE 22.32. Small ovarian dermoid. A round, fat-density mass FIGURE 22.33. Ovarian dermoid. Several teeth are seen in the 
containing a small focus of caicium is seen adjacent to the right lesion; the surrounding fatty tissue is lucent. 
side of the uterus (star). 


FIGURE 22.34. Three cases of ovarian dermoids. 
A: Primarily cystic lesion with thick and thin sep- 
tae. B: Mixed cystic and solid mass. C: Solid mass. 
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FIGURE 22.35. Ovarian fibroma. A: Ultrasound reveals a heterogeneous solid lesion. B: T1- 
weighted magnetic resonance imaging reveals low-intensity supravesicle mass (F). C: T2-weighted 
MRI shows solid heterogeneous mass (F) superior to bladder and uterus. D: T1-weighted MRI af- 
ter gadolinium reveals enhancing mass (F) to the left of the uterus. 


sound usually reveals peripheral vessels, which may have 
pulsatility and resistive indices often associated with malig- 
nancies. 

Virtually any tumor may be solid, but because cystade- 
nomas and cystadenocarcinomas so often contain fluid- 
filled regions, a completely solid tumor is more likely to be 
of certain types, including fibromas (Fig. 22.35), thecomas, 
and Brenner tumors, and may have relatively low intensity 
on T2-weighted images as well as T1-weighted images. This 
combination of MR features may, however, be seen with pe- 
dunculated fibroids, so that delineation of the anatomy of 
the tumor and both ovaries is crucial for distinction. 
Fibromas may be solid and relatively hypoechoic but still at- 
tenuate sound. Krukenberg tumors also may be cystic, solid 
(Fig. 22.36), or mixed, but frequently are bilateral. If solid 
bilateral ovarian tumors are found in a patient with a known 
malignancy elsewhere, and that enhance strongly with con- 
trast on CT, Krukenberg tumors should be suspected. 

Tumors that produce sex hormones may reveal clues to 
their specific identity. A child with precocious puberty and 
a large hemorrhagic multilocular ovarian tumor probably 


has a juvenile granulosa-cell tumor; granulosa-cell tumors 
also may be solid, however. Estrogen effects may be difficult 
to discern in premenopausal women, but occasionally sex- 
cord stroma tumors may cause virilization, as may ovarian 
hyperthecosis. Finally, in postmenopausal women, an ovar- 


FIGURE 22.36. Krukenberg tumor. Ultrasound reveals a solid 
ovarian mass with a low resistive index. This is a metastasis from 
a breast carcinoma. 
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ian tumor — especially a solid one — with other evidence 
of elevated circulating estrogen, including endometrial hy- 
perplasia, endometrial carcinoma, and postmenopausal 
bleeding, suggests an estrogen-producing neoplasm. 


Cysts 


The diseases that may produce cystic adnexal lesions are nu- 
merous. The inflammatory and neoplastic conditions that 
produce adnexal cysts are discussed elsewhere in this chap- 
ter; those to be described here include a variety of physio- 
logic and functional cysts, cysts that appear in certain en- 
docrinologically abnormal states, and pelvic cysts of 
nongynecologic origin. 

Follicular cysts are very common in women of childbear- 
ing age, and continue to appear for a few years following 
menopause. These cysts form when a follicle does not rup- 
ture but continues to accumulate fluid. The cysts are simple 
(Fig. 22.37), as they contain serous fluid, have thin walls, 
and have no intraluminal solid tissue. The walls usually are 
too insubstantial to have perfusion demonstrable by 
Doppler ultrasound, or to display enhancement by iodi- 
nated contrast on CT or gadolinium on MR examinations. 
Most follicular cysts are not hemorrhagic. They can be di- 
agnosed with relative confidence if the above criteria are 
met, and usually can be shown to diminish in size or disap- 
pear over a period of several months. When there is any 
question about the diagnosis, therefore, follow-up examina- 
tion with ultrasound almost always is used to assess any size 
changes. 

Following ovulation, the resultant corpus luteum may 
become cystic, usually with, or because of, internal hemor- 
rhage. The walls of these cysts usually are thicker than those 
of follicular cysts, a distinction that can be made by ultra- 
sound (Fig. 22.38), CT, or MRI; these walls frequently en- 
hance on the latter two examinations with appropriate con- 
trast administration. The lumen usually contains blood, 
which may be demonstrable by ultrasound as particulate de- 


FIGURE 22.37. Follicular cysts. Ultrasound of a normal ovary, 
whose poles are indicated by the cursors, show multiple periph- 
eral follicular cysts. 


FIGURE 22.38. Corpus luteum cyst. The posterior wall is rela- 
tively thick. 


bris (Fig. 22.39), by CT as an increased density, and by 
MRI as varying degrees of brightness on T1-weighted im- 
ages as well as T2- weighted images. Hemorrhagic corpus 
luteum cysts may appear similar to the hemorrhagic cysts of 
endometriosis; on MRI, the older blood products within the 
more persistent endometriomas are more likely to produce 
the imaging finding of hemosiderin; that is, low intensity on 
T2-weighted images. 

Theca-lutein cysts appear in response to high levels of 
BhCG. These may appear in patients with gestational tro- 
phoblastic disease (GTD) (persistence of these cysts after 
treatment of GTD is a clinical sign that complete eradica- 
tion of the trophoblastic tissue has not occurred), in patients 


FIGURE 22.39. Hemorrhagic cyst. Ultrasound reveals particulate 
matter in the dependent portions of the lesion. (Courtesy of 
Nancy Budorick, M.D.) 


with multiple gestations, and in women undergoing infer- 
tility treatments that involve administration of ovarian stim- 
ulation agents. These cysts are multiple and bilateral; they 
may appear discrete or as septated cysts on ultrasound (Fig. 
22.40), CT, or MRI. They may be distinguished from bi- 
lateral ovarian carcinoma by the absence of solid tissue com- 
ponents or papillary excrescences. 


Polycystic Ovary Disease 


Polycystic ovary disease originally was described by Stein 
and Leventhal, whose names have become the syndrome’s 
eponym. The original syndrome consisted of oligomenor- 
rhea or amenorrhea, obesity, infertility, and hirsutism. But 
polycystic ovaries also may be seen in patients with virilizing 
states, and amenorrhea with acyclic estrogen production 
and elevated luteinizing hormone levels without a midcycle 
surge. 

The ovaries may be slightly enlarged; they tend to have 
an increased number of small follicular cysts, which tend to 
be distributed at the periphery of the ovary and to be smaller 
than normal follicular cysts. Ultrasound may reveal in- 
creased ovarian echogenicity along with these features; MRI 
best reveals the cysts on T2-weighted images, in which they 
appear as multiple small, peripherally located, bright re- 
gions. 

Peritoneal inclusion cysts are unusual lesions that arise 
when severe peritoneal adhesions form (usually after 
surgery). Secretion of peritoneal fluid into enclosed spaces 
can produce peritoneal cysts in the adnexal regions. 


Ectopic Pregnancy 


Ectopic pregnancies are not uncommon, especially among 
women who have had difficulty conceiving because of tubal 


FIGURE 22.40. Multiple ovarian cysts. These are typical of theca- 
lutein cysts. (Courtesy of Nancy Budorick, M.D.) 
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abnormalities. They most often appear within the adnexal 
portions of the fallopian tube, although rarely they may ap- 
pear in the interstitial portion of the tube or even in the 
pelvis outside the tube altogether. Ruptured ectopic preg- 
nancies usually cause acute pelvic or lower abdominal pain, 
and occasionally, local hemorrhage may be sufficiently se- 
vere as to cause hemodynamic instability. They are nearly al- 
ways accompanied by elevations in circulating BhCG. If di- 
agnosed early, they may be treated with methotrexate. If 
they are large or have ruptured and are causing severe bleed- 
ing, surgical resection usually is necessary. 

Ultrasound is the most useful imaging technique in pa- 
tients suspected of having an ectopic pregnancy. Clearly, 
lack of an intrauterine pregnancy must be demonstrated to 
make the diagnosis. Within the uterus, the endometrial de- 
cidua is thickened; there may be a small cystic structure 
within it, but this should contain no fetal pole. The preg- 
nancy itself, which is almost always in the tube, may be vi- 
sualized as a cystic, complex, or solid mass; the structure 
identified as a tubal ring is characteristic. It is important to 
identify the ovaries as separate from the lesion in order to 
avoid confusing ovarian pathology for an ectopic pregnancy. 
If there has been rupture and bleeding, free fluid may be 
seen in the pelvis. Doppler ultrasound may reveal flow in the 
wall of the ectopic fetus. 

MRI has not been used frequently, either in the emer- 
gency situation of acute pelvic and hemodynamic symp- 
toms, or as a follow-up to ultrasound. Early experience sug- 
gests that MRI reveals a thickened endometrium and 
hemorrhage within the pregnancy itself. 


Endometriosis 


Endometriosis is proliferation of endometrial tissue outside 
the uterus. The sites of implantation may be the uterus it- 
self, the utero-sacral ligament, the pouch of Douglas, the fal- 
lopian tubes, the rectum, bladder, and recto-vaginal septum, 
and on the surface of the parietal or visceral peritoneum any- 
where in the pelvis. Rarely, it may be found in the peri- 
toneum superior to the pelvis or even in more distant sites. 
Mullerian rests and spread of endometrial cells through the 
fallopian tube into the peritoneal cavity have both been hy- 
pothesized as the cause of endometriosis. 

Deposits of endometriosis usually are numerous, but very 
small. Occasionally, they may increase in size and become 
tumor-like structures known as endometriomas; these pre- 
sumably develop from the endometrial deposits, which 
slough and bleed under the same cyclic hormonal influence 
that controls the orthotopic endometrium. Small but grow- 
ing collections of blood and cellular debris appear as multi- 
ple cycles progress. The resultant cysts usually are multiple. 
These cysts contain bloody fluid and often incite a slightly 
thickened wall at their periphery. Endometriomas of any 
size also may cause adhesions, which range in size and dis- 
tribution from tiny filaments to densely packed regions of fi- 
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FIGURE 22.41. Ureteral endometriosis. Excretory urogram re- 
veals narrowing of the distal ureter with mild proximal dilata- 
tion. 


brotic tissue. The growth of endometriosis appears to be an 
estrogen-sensitive process. 

Endometriosis, like adenomyosis, most frequently ap- 
pears in women 30 to 40 years of age, and is more likely to 
appear in nulliparous women. Endometriosis may cause 
dysmenorrhea, infertility, pelvic pain, and dispareunia; 
rarely, endometriomas or their adhesions may obstruct the 
bowel or ureter and produce signs and symptoms of these 
complications. 

Like adenomyosis, endometriosis may resolve sponta- 
neously with menopause. It may be treated with Danazol or 
other drugs. 

Laparoscopy is used frequently for the diagnosis of en- 
dometriosis and its adhesions. CA-125, a circulating sub- 
stance often used to diagnose or follow ovarian cancer, may 
be elevated in patients with endometriosis. 


Imaging diagnosis may be difficult; small implants may 
escape detection by all imaging techniques. Radiography 
rarely is useful, and is abnormal only in those unusual cases 
that are associated with bowel obstruction. Urography 
usually is normal; rarely, ureteral obstruction (Fig. 22.41) 
or a mural bladder mass may be seen. CT is normal in 
most patients with endometriosis, but if macroscopic 
endometriomas or cysts have appeared, these may be 
detected. 

Endometriosis may produce no visible signs on ultra- 
sound examinations. Larger endometriomas, or chocolate 
cysts, may be visible, however. The cysts rarely are anechoic; 
they usually reveal fine echoes caused by debris within the 
fluid (Fig. 22.42). Doppler ultrasound may reveal vascular- 
ity within the rims of larger endometriomas; reported resis- 
tive indices have been variable. 

MRI, despite its high spatial and contrast resolution, may 
fail to demonstrate small endometriomas as well. 
Hemorrhagic cystic endometriomas usually appear bright 
on T'l-weighted images, and may appear of any intensity on 
T2-weighted images (Fig. 22.43). A dark hemosiderin rim 
may be seen in the capsule, which may enhance with 
gadolinium. Because dermoid cysts also may appear bright 
on T1-weighted images, fat-suppressed views may aid in 
specific diagnosis. Dermoid cysts should be of low intensity 
with fat suppression, whereas the appearance of endometri- 
omas should not change. Small solid endometriomas may 
enhance with gadolinium. 

Hysterosalpingography seldom is used in the diagnosis of 
endometriosis, but if the disease produces severe pelvic ad- 
hesions, these may be diagnosed during salpingography by 
noticing obstruction of contrast spill from the fimbriated 
ends, or by demonstrating that the contrast fills contained 
locules after it has spilled, rather than flowing freely 
throughout the peritoneal space. 


FIGURE 22.42. Two cases of endometriosis. A: Mass with fine echoes; enhanced through-trans- 
mission indicates that the echoes are produced by debris in fluid rather than by solid tissue. B: 
Cystic mass with multiple thick and thin septae. (Courtesy of Nancy Budorick, M.D.) 
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FIGURE 22.43. Endometriosis. A: T1-weighted coronal magnetic resonance imaging reveals sev- 
eral adnexal lesions; one on the right is bright, and the remainder are low-intensity. B: T2- 
weighted coronal MRI shows all the lesions to be bright. (Courtesy of Nancy Budorick, M.D.) 


Torsion 


The uterine adnexa may torse, producing various degrees of 
acute ovarian ischemia. Ovarian torsion is more likely to oc- 
cur in young women and girls than in older women; it has 
even been reported in utero. Ovarian masses—especially 
dermoids—predispose to torsion, although torsion may oc- 
cur with a morphologically normal ovary. 

Adnexal torsion may completely occlude ovarian blood 
flow, or there may be only partial ischemia. Torsion may oc- 
cur suddenly and never undergo spontaneous remission, or 
it may be intermittent. Because the ovary may be perfused 
through both the ovarian and uterine arteries, ischemia may 
vary in severity. Complete ischemia of more than several 
hours’ duration usually leads to irreversible necrosis of the 
ovary, which must be resected. Alternatively, transient or 
partial ischemia may be reversed by surgical detorsion, with 
maintenance of a viable ovary. 

Ovarian torsion produces acute lower abdominal or 
pelvic pain, which may be severe. The pain may persist, or 
in the case of transient torsion, be intermittent. The clinical 
differential diagnosis sometimes includes appendicitis, hem- 
orrhage into a pelvic cystic lesion, ruptured ectopic preg- 
nancy, and distal ureteral stone. 

Although the clinical picture occasionally may lead to ra- 
diography or urography, these procedures rarely reveal any 
abnormalities and have no place in the detection of ovarian 
torsion. 

Ultrasound virtually always reveals an enlarged ovary, pre- 
sumably because venous occlusion occurs before, or more 
severely than, arterial occlusion, so that the organ becomes 
congested, edematous, and hemorrhagic. The ovary may 
have regions of increased or decreased echogenicity, corre- 
sponding to regions of hemorrhage, edematous tissue, and 
necrosis. Occasionally, peripheral follicles may appear to be 
unusually numerous. Doppler studies reveal variable flow 


patterns: with severe ischemia or necrosis, there is no flow 
within the ovarian tissue itself (Fig. 22.44), and little or no 
arterial flow; this combination of findings usually indicates 
that the ovary cannot be salvaged. Alternatively, there may be 
persistent high impedance flow, or there may be a small 
amount of flow detected in the arteries but not the veins. If 
ovarian ischemia has persisted long enough for collaterals to 
enlarge, these may be detected. Ultrasound also may reveal a 
twist in the ovarian pedicle at the exact site of torsion. If the 
torsed ovary contains a mass, this lesion will be visualized. 
Because the mass usually is centrally avascular to begin with, 
no flow will be seen within it; occasionally, persistent flow 
may be seen at the periphery of a torsed dermoid. Torsion 
may produce peritoneal fluid visible in the pelvis. 


FIGURE 22.44. Ovarian torsion. Doppler ultrasound reveals an 
enlarged ovary with an inhomogeneous echo pattern; flow is 
seen deep to the ovary but not within it. (Courtesy of Nancy 
Budorick, M.D.) 
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CT is not the examination of choice to depict ovarian 
torsion. The affected ovary will be seen to be enlarged, and 
the uterus may be inclined toward the abnormal side. The 
latter finding is presumed to be from shortening of the 
twisted adnexa, but, given the normal variability of uterine 
position, this is not a particularly specific sign. The ovary 
may be inhomogeneous; there has been one reported case of 
torsion that produced ovarian gas bubbles. There may be 
edema in the paraovarian fat, and there may be a small 
amount of ascites. If contrast is administered, the ovary 
shows diminished or absent enhancement centrally; there 
may or may not be peripheral enhancement, or there may be 
inhomogeneous enhancement throughout the organ. 

MRI also reveals ovarian enlargement, deviation of the 
uterus toward the side that is torsed, and ascites. Regions of 
ovarian hemorrhage may appear bright on T1-weighted im- 
ages; the signal intensity on T2-weighted images is variable, 
but often the ovary is edematous and bright. Sometimes 
flow voids make distended vessels apparent. A twist of the 
fallopian tube may be directly demonstrable on T2- 
weighted images as a beak, twist, or knot. 
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A 
a@-receptors, in bladder muscle, 3 
Abdominal aortic aneurysm, 286 
in retroperitoneal hemorrhage, 287, 287 
Abortive calyx, 21, 27 
ACE (angiotensin-converting enzyme) inhibitor, in radionuclide 
renograms, 218, 219 
Acquired immunodeficiency syndrome. See AIDS 
Acquired renal cystic disease, 116, 116, 117 
ACTH (adrenocorticotropic hormone) 
in adrenal insufficiency, 263 
production of, 261-262 
Actinomycosis, 173 
Acute cortical necrosis, 234, 234-235 
Acute interstitial nephritis (AIN), 235, 235 
Acute renal dysfunction (ARD) 
contrast medium induction of, 92 
diabetes mellitus and, 92 
dosage in, 93 
hydrational state in, 93 
mechanism of, 93-94 
metformin and lactic acidosis in, 92 
osmolality in, 93 
other factors in, 93 
preexisting renal insufficiency and, 92 
prevention of, 94 
Acute renal failure (ARF), 230-231 
Acute tubular necrosis (ATN), 230 
causes of, 233 
diagnostic imaging of, 234, 234 
post transplant, 246-247 
kidneys in, 234 
pathogenesis of, 233 
post transplant, 244 
Acute urate nephropathy, 237-238, 238 
Addison’s disease, 263—265 
Adrenal artery(ies), 261, 261 
inferior, 195 
Adrenal gland, 260, 267 
adenoma of, 264, 264, 271 
metastasis vs, 278-281, 281t 
radiology of, 63, 271, 271, 272 
agenesis of, 260, 26] 
anatomy of, 260 
arterial supply of, 260, 261 
arteriography of, 265 


carcinoma of, 272 
radiology of, 272-273, 273, 274 
cysts of, 276, 277 
functional diseases of, 261 
adrenal insufficiency, 263-265 
adrenogenital syndromes, 262-263 
Conn’s syndrome, 262 
Cushing’s syndrome, 261-262 
primary adrenal insufficiency, 261 
ganglioneuroma of, 277, 278 
hemangioma of, 276-277 
radiology of, 277 
hemorrhage of, 274 
in children, 274-275 
incidence, 275 
neonatal, 274-275 
radiology of, 275-276, 276 
hyperplasia of, 262, 264, 265 
lymphoma of, 281-282, 282 
medullary tumors of, 265 
neuroblastoma, 268-271 
pheochromocytoma, 265-268 
metastases in, 277-278, 278. See also Adrenal insufficiency 
adenoma vs, 278-281, 281t 
myelolipoma of, 273 
radiology of, 274, 275 
treatment of, 274 
neuroblastoma of, 268 
computed tomography of, 269, 270, 270 
histology of, 269 
incidence of, 268-269 
magnetic resonance imaging of, 270, 270 
radionuclide studies of, 270-271 
staging of, 268t, 269 
symptoms of, 269 
treatment of, 271 
ultrasonography of, 269, 269-270 
urography of, 269 
normal, MRI image of, 62 
pseudotumors of, 282-283, 283 
radionuclide studies of, 70, 265 
ultrasonography of, 264 
urography of, 264 
venography of, 66, 265 
venous sampling of, 265 
venous supply of, 260, 261 


Adrenal insufficiency, 263 


causes of, 263 
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Adrenal insufficiency (contd) 
metastases in, 263, 263 
primary, 261, 263 
radiologic manifestations of, 263-264 
Adrenal veins, 260, 261 
Adrenogenital syndromes, 262-263 
Adult polycystic disease (APCD), 108 
Afferent arterioles, 74 
AIDS (acquired immunodeficiency syndrome) 
nephropathy in, 238, 239 
opportunistic infections in, 174-175 
Pneumocystis carinii infection in, 174, 174 
renal manifestations of, 174, 174t 
renal neoplasms associated with, 175 
Alkaline encrustation cystitis, 358-359, 359 
Alport’s syndrome, 239, 239 
Analgesic nephropathy, 299-300 
Aneurysm 
abdominal aortic, 286 
in retroperitoneal hemorrhage, 287, 287 
renal artery, 204, 204-205, 205 
mycotic, 205 
Angiography 
computed tomographic, 61 
radiographic, 65 
Angiotensin-converting enzyme inhibitor, in radionuclide 
renograms, 218, 219 
Anomalies, congenital, 14—48. See also specific organ or condition 
Antidiuretic hormone (ADH), action of, 75 
Appendage torsion, testicular, 444 
Arcuate artery(ies), 1, 74 
Arterial thrombosis, 204 
Arteriography, 65-66 
Arteriolar nephrosclerosis, 201, 20/ 
Arteriovenous fistulae, 205 
acquired, 205, 206 
congenital, 205, 206 
idiopathic, 206, 206-207 
postnephrectomy, 206-207 
post transplant, 251, 251, 252 
Arteriovenous malformations (AVMs), 205, 206 
Asherman’s syndrome, 492, 493 
Ask-Upmark kidney, 17 
renal hypertension associated with, 213, 214 
Atherosclerosis 
percutaneous transluminal angioplasty in, 223, 223-224 
renovascular hypertension in, 215, 215 
Atresia ani-urethralis, 41 
Augmentation cystoplasty, 385 
Autonephrectomy, 171, 171 
Autonomic dysreflexia, 390, 390-391 
Autosomal-dominant polycystic disease (APCD), 109 
asymmetric kidney involvement in, 110 
cyst hemorrhaging in, 110 
diagnostic imaging of, 109-110, 110 
age and sensitivity of, 110-111 
etiology of, 109 
gene for, 109 


genetic counseling in, 110-111 

renal failure associated with, 109 

symptoms of, 109 

treatment of, 110-111 
Autosomal-recessive polycystic disease, 108 


B 
B-receptors, in bladder muscle, 3 
Bacterial infection 
abscess formation in, 151, 156-160 
actinomycosis as, 173 
of bladder, 353-355 
brucellosis as, 173 
chronic pyelonephritis as, 168-169. See also under Pyelonephritis 
fistulas in, 164, 164-165, 165 
gas-forming, 162-164. See also Gas-forming infection 
imaging in, diagnostic, 151-152 
malacoplakia in, 166-167 
organisms causing, 151 
pathophysiology of, 150-151 
pyelonephritis in, 151. See also Pyelonephritis 
pyonephrosis in, 151, 160-162. See also Pyonephrosis 
terminology used to describe, 151 
in vesicoureteral reflux, 331 
xanthogranulomatous pyelonephritis as, 165-166. See also 
Xanthogranulomatous pyelonephritis 
Balkan nephropathy, 239 
Beer-drinker’s hydronephrosis, 22 
Bellini duct, 1 
carcinoma of, 130, 131 
Benign prostatic hypertrophy (BPH), 394 
bilateral hydronephrosis in, 395, 396 
bladder calculi in, 396, 396 
bladder diverticula in, 396 
etiology of, 394 
excretory urography of, 394-395, 395, 396 
incidence of, 394 
intravesical prostate in, 395, 396 
J-ing of distal ureters in, 394, 395 
median lobe hypertrophy in, 395, 395 
symptoms of, 394 
post transurethral resection of prostate, 430 
ultrasonography of, 397, 397 
Benign tubular ectasia, 302, 303 
Bilharzia. See Schistosomiasis 
Bladder 
absence of, urinary diversion in, 380, 382 
ileal conduit, 380-382, 383 
temporary, 380 
agenesis of, 37 
anatomical position of, 3 
anatomy of, 3—4, 386-387 
anomalies of, 36—37 
arterial supply of, 3 
augmentation of, 385 
calcification of wall of 
causes of, 357 
in schistosomiasis, 356, 356-357, 357 


calculi of, 377 
causes of, 378 
computed tomography of, 379, 382 
configurations of, 379, 380 
cystoscopy of, 379 
endemic, 378 
incidence of, 378 
litholapaxy of, 380 
obstructive, 379, 380 
passage of, 378 
radiography of, 378, 378-379, 379, 380, 381 
symptoms of, 378 
ultrasonography of, 379, 381 
congenital diverticulum of, 37, 37 
cystocele of, 363-365 
deviations of, 367-369 
diverticulum of, 362 
Hutch, 362 
radiography of, 362-363, 363, 364 
ureteral displacement by, 328, 330 
duplication of, 36-37 
edema of, causes, 352-353, 353, 354 
exstrophy of, 36, 36 
filling defects in imaging of, 352, 353 
fistulae of, 365 
causes of, 367 
colovesical, 365-366 
enterovesical, 365-366, 366 
vesicovaginal, 366-367, 367 
gas in, from colovesical fistula, 355 
herniation of, 363, 365 
impressions on, 367-369 
compressive, 368, 368-369, 369 
female prostate, 367, 367, 368 
masses, 367, 368 
pelvic lipomatosis, 368-369, 369, 370 
infection of, 353 
acute bacterial cystitis, 353-354, 354, 355 
candidiasis, 357 
emphysematous cystitis, 355, 355 
interstitial cystitis, 359 
malacoplakia, 359 
schistosomiasis, 355-357 
inflammatory conditions of 
alkaline encrustation cystitis, 358-359, 359 
cyclophosphamide cystitis, 357-358, 358 
eosinophilic cystitis, 358, 359 
radiation cystitis, 357, 358 
injury of 
in blunt pelvic trauma, 471-472, 471-473 
causes of, 469 
computed tomography of, 470-471, 471 
external penetrating, 472 


iatrogenic, 473 

obstetric, 473 

retrograde cystography of, 469-470, 470 
spontaneous, 473 


symptoms of, 469 
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innervation of, 3 
internal sphincter of, 3 
lesions of 
amyloidosis, 359 
endometriosis, 360, 360 
perivesical inflammatory, 360, 360, 361 
ligaments of, 3 
lymphoma of, 376-377, 377 
metaplastic conditions of 
cystitis cystica, 360-361, 361 
cystitis glandularis, 361, 36/ 
nephrogenic adenoma, 361-362 
mucosa of, 3 
neuroanatomy of voiding, 386, 386-387, 387 
neurogenic, 385-386 
classification of, 387t 
detrusor areflexia, 391, 391-392 
detrusor hyperreflexia, 389, 389-391, 390 
uninhibited bladder, 387, 387-389, 388 
in normal excretory urogram, 55 
pain/temperature stimulation of, 3—4 
physiology of voiding, 386, 386-387, 387 
prolapsed, and ureteral obstruction, 346-347, 347 
replacement of, in urinary diversion, 380-385. See also Urinary 
diversion 
stress incontinence and cystocele of, 363-365 
teardrop, 368, 369 
tumors of 
adenocarcinoma, 375 
benign, 369-370 
carcinosarcoma, 374 
leiomyoma, 370, 370 
lymphoma, 376-377, 377 
malignant, 371 
mesenchymal, 376, 376 
papilloma, 371 
pheochromocytoma, 370-371, 370-371 
secondary, 377, 377 
squamous cell carcinoma, 374-375, 375 
transitional cell carcinoma, 371—374. See also Transitional cell 
carcinoma, of bladder 
urachal carcinoma, 375-376, 375-376, 376 
ultrasonography of, 60 
venous plexus of, 3 
vertical, 368-369, 369 
voiding, physiology of, 386, 386-387, 387 
Bladder dome, 3 
embryology of, 12 
Bladder ears, 37 
Bosniak classification, of cystic lesions, 106-107, 146 
Bourneville’s disease, 114. See also Tuberous sclerosis complex 
Bowman’s capsule, 73 
net filtration pressure in, 75 
Brodel’s line, 195 
Brucellosis, 173 
Buck’s fascia, 8 
Bulbocavernosus muscle, 8 


Bundle of His, 3 
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C 
Calcification, 178. See also Nephrocalcinosis; Nephrolithiasis; Renal 
cysts 
Calcium stones, 182-183 
Calculi. See Nephrolithiasis; specific organ 
Calyx(ces), 74, 74. See also Collecting system 
abortive, 21 
anomalies of, 21 
contrast medium outside of, 305, 305-306, 306 
diverticulum of, 303, 303-304, 304 
embryological development of, 11, 11 
major, 1 
micro-, 21, 21 
minor, 1 
anterior, 1 
posterior, 1 
multiplicity of, 21 
in normal excretory urogram, 54 
of renal pyramid, 1 
tubercular abnormalities in, 170-172, 170-172, 304-305, 305 
in unipapillary kidney, 21 
Camey pouch, 383 
Candidiasis 
bladder, 357 
renal, 172, 172-173, 173 
Capromab pendetide, 408 
Captopril renogram, 218, 219 
Carcinosarcoma, bladder, 374 
Carney’s triad, associated with pheochromocytomas, 266 
Cavernosography, 58 
in assessment of impotence, 9 
Centrilobar cortex, 1 
Cervix 
carcinoma of, 492 
computed tomography of, 493-494, 494 
etiology of, 492 
post hysterectomy, 494 
incidence of, 492 
magnetic resonance imaging of, 494, 494-495 
staging of, 492, 493t 
treatment of, 492-493 
ultrasonography of, 493 
urography of, 493 
Nabothian cysts of, 495 
CHF (congenital hepatic fibrosis), 108 
Choriocarcinoma, 439 
Christmas tree bladder, 389, 390 
Chyluria, 290-291, 291 
tropical, 290 
Circumcaval ureter, 25, 25, 26, 198, 198-199, 199 
Circumflex veins, 9 
Clearance, 75 
and glomerular filtration rate, 75 
Cloaca, embryology of, 11-12 
Collecting system, 1, 74, 74. See also Calyx(ces); Papilla; Renal 
pelvis; Renal sinus; Tubules 
antidiuretic hormone action in, 75 
benign masses in, 308-309 
benign strictures of, differential diagnosis of, 304-305 


cortical, medullary and papillary, 74, 74 
duplication of. See Duplex collecting system 
malignant tumors in, 309 
arteriography of, 311-312, 312 
computed tomography of, 311, 317 
differential diagnosis of, 309-310, 311 
excretory urography of, 309, 310 
incidence of, 309 
retrograde urography of, 309, 310 
risk factors for, 309 
staging of, 309 
symptoms of, 309 
ultrasonography of, 311, 3/1 
vascular impression within, 306, 306-307, 307 
vesicoureteral reflux effect on, 312, 312, 313 
Colliculus, seminal, 7 
Colovesical fistula, 365-366 
Column of Bertin(i), 1 
development of, 11 
Comet tail sign, 192, 193 
Communicating renal cyst, 1/8, 118-119 
Computed tomography (CT). See also specific organ, mass or disease 
angiographic, 61 
in bacterial infections, 151-152 
gynecologic, 61-62 
urologic, 61 
Condyloma acuminata, 422, 422 
Congenital anomalies, 14—48. See also specific organ or condition 
Congenital hepatic fibrosis (CHF), 108 
Connective tissue tumor, in collecting system, 308 
Conn’s syndrome, 262, 264, 265 
Conray. See Meglumine iothalamate 
Continent urinary diversion, 382 
cutaneous pouches, 384, 384-385, 385 
orthotopic pouches, 383, 385 
postoperative imaging evaluation of, 384-385, 385 
ureterosigmoidosotomy, 382-383 
Contrast medium, 76-78 
acute renal dysfunction induced by, 92-94. See also Acute renal 
dysfunction 
adverse reactions to, 84 
anaphylactoid, 86, 87-88 
prevention of, 88-89 
chemotoxic, 89 
cardiovascular, 89 
extravasatory, 90-91 
hematologic, 90 
hyperosmolar, 89 
thyrombophlebitic, 90 
extravasational, 90-91 
treatment protocol for, 90t 
idiosyncratic, 85-86 
mechanism of, 87-88, 87t 
previous reaction history and, 86 
risk factors for, 86-87 
vs. allergic history, 86t 
symptoms of, 85t 
treatment of, 94-95, 95t 
hypotensive tachycardia and, 96 


minor symptoms and, 95-96 
respiratory symptoms and, 96 
vasovagal symptoms and, 96 
ventricular arrhythmia and, 96 
commonly used, 84t 
concentration of, determining, 83 
development of, 76-78 
drug incompatibilities of, 84 
extracalyceal, differential diagnosis of, 305, 305-306, 306 
extrarenal excretion of, 83 
extravasation of, 90-91 
post traumatic, 462 
high-osmolality, 85 
acute renal dysfunction and, 93 
cardiovascular effects of, 90 
hematologic effects of, 90 
toxic effects of, 89 
historical use of, 76-78 
ionic, 77, 81-82, 83-84 
prevention of reaction to, 89 
low-osmolality, 77-78 
acute renal dysfunction and, 93 
cardiovascular effects of, 89 
hematologic effects of, 90 
idiosyncratic reactions to, 85, 87, 88 
indications for using, 91, 91t 
thrombophlebitic effects of, 90 
urinary contrast concentration of, 82 
magnetic resonance, adverse effects of, 94 
nonionic, 77, 81-82, 87 
opacification of urinary tract by, 79 
osmolality of, 83 
physical properties of, 83-84 
physiologic excretion of, 79 
age and dosage in, 79, 81 
diagnostic imaging method in, 82-83 
first studies of, 79 
hydrational state in, 82 
media type in, 81-82 
plasma contrast concentration vs dosage, 79, 79 


plasma contrast concentration vs dosage over time, 79, 80 


sequential change in CT numbers in, 79, 8/ 
time interval for 100%, 79, 81 


urinary contrast concentration and opacification during, 79 


urine flow rates vs dosage, 79, 80 

production of, current, 78 

viscosity of, 83 
Corpus cavernosa, 8. See also Cavernosography 
Corpus spongiosum, 8 
Cortex, 1, 74, 74 
Cortical necrosis, acute, 234, 234-235 
Cortical nephrocalcinosis, 178-179, 179 

major causes of, 179t 

as post transplantational complication, 245, 246 


Cowper’s duct, 6 
retention cyst of, 43-44, 44 
syringocele of, 423 
Cowper’s gland, 6, 43 
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Cowper’s syringocele, 423 

Crohn’s disease, ureteral involvement, 343-344, 344 

Cryptorchidism. See Testis(es), undescended 

Cushing’s syndrome, 261-262 

Cutaneous pouches, 384, 384-385, 385 

Cyclophosphamide cystitis, 357-358, 358 

Cyclosporine nephrotoxicity, post transplant, 245, 246-247 
ATN and rejection vs, 246-247, 247 
radionuclide studies of, 248-249, 249 

Cyst. See Renal cysts; specific organ 

Cystic disease, unilateral, 104, 104 

Cystine stones, 183, 183, 379, 380 

Cystitis, acute bacterial, 353-354, 354, 355 

Cystitis cystica, 360-361, 361 

Cystitis glandularis, 361, 367 

Cystography, 56 
radionuclide, 69 

Cystourethrography, voiding, 56 


D 
Desmoplastic reaction, periureteral, 337 
Detrusor areflexia, 39/, 391-392 
Detrusor-external sphincter dyssynergia (DESD), 389, 389-390, 
391 
Detrusor hyperreflexia, 389, 389-391, 390 
Detrusor muscle, 3 
Diabetes mellitus 
and contrast medium induction of ARD, 92 
nephropathy in, 238 
papillary necrosis in, 300 
Diabetic nephropathy, 238 
Diagnostic imaging, radiographic, 53-54. See also specific organ, mass 
or disease 
computed tomographic, 61 
magnetic resonance, 62, 62-63, 63, 64, 65 
radionuclide, 69, 69 
ultrasonographic, 58-59 
Differential absorption, 75 
Distal tubule, 74, 74 
water dilution of urine in, 75 
Donut kidney, 21 
Doppler ultrasonography. See under Ultrasonography 
Dorsal nerve, 9 
Dorsal veins, superficial and deep, 9 
Dromedary hump, 53-54, 54 
Ducts of Bellini. See Bellini duct 
Duplex collecting system, 25, 28 
bilateral, 30 
embryology of, 25-26, 27 
functioning of, 26, 28 
moiety formation in, 26 
pathologic kidney conditions caused by, 28-31 
Dysplastic kidney, 17 
with ectopic ureteral insertion into seminal vesicle, 34 
multicystic, 111 
diagnostic imaging of, 111, 111-112, 112 
disorders associated with, 111 
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Dysplastic kidney (contd) 
hydronephrotic vs, 111 
treatment of, 112-113 

Dystrophic nephrocalcinosis, 178 


E 
Ectopic insertion, of upper moiety ureter, 28-30, 29, 30 
Ectopic kidney, 14, 15 
crossed, 18, 18, 19 
Ectopic papilla, 21-22, 22 
Ectopic pregnancy, 505 
Ectopic ureteral insertion, 33, 34 
Ectopic ureterocele, 30-31, 31, 32 
Effective renal plasma flow (ERPF), 69, 75-76 
Ejaculation, 9-10 
Ejaculatory duct, 5 
opening into urethra, 7 
Embolism, renal, 202—203, 203 
Embolization, percutaneous renal artery, 225 
Embryology 
of upper urinary tract, 10-11 
of urogenital tract, 11-12 
Embryonal cell carcinoma, 439, 440 
Emission, of semen, 9-10 
Emphysematous cystitis, 355, 355, 356 
Emphysematous pyelonephritis (EPN), 162-163, 163, 164 
Endometrial stripe, 488, 488 
Endometriosis, 505 
bladder involvement in, 360, 360 
imaging diagnosis of, 506, 506, 507 
incidence of, 506 
treatment of, 506 
ureteral involvement, 342-343, 343 
Endometrium. See also Uterus 
carcinoma of, 489 
incidence of, 489 
prognosis of, 490 
radiology of, 490, 490-491 
staging of, 490t 
symptoms of, 489 
treatment of, 490 
polyps of, 489, 489, 490 
Endopyelotomy, in ureteropelvic junction obstruction, 24 
Enterovesical fistula, 365-366, 366 
Eosinophilic cystitis, 358, 359 
Eosinophilic ureteritis, 339-340 
Epididymis, 10 
cysts of, 446, 446 
inflammation of, 447-448, 448 
orchitis associated with, 448, 448-449 
Epispadias, 42 
Erectile dysfunction (ED), 431 
Erection, penile, 431, 432 
Excretory urogram, normal, 53 
Excretory urography (IVP), 49. See also specific organ, mass or disease 
abdominal compression in, 51-52, 52 
in bacterial infections, 151-152 
bladder in, 55 
calyces in, 54 


contrast media in, 76—96. See also Contrast medium 

dromedary hump in, 53-54, 54 

excretion films in, 52-53, 53 

nephrographic films in, 51, 57 

outline of kidneys in, 53 

position of kidneys in, 53 

in renal inflammatory disease, 151 

renal margin in, 53, 54 

renal pseudotumor in, 53-54 

scout film in, 49-50, 5/ 

size of kidneys in, 53 

stomach fluid in, 53-54, 55 

technique of, 49-53 

tomography in, 51, 57 

transverse ureteral folds in, 54-55, 55 

ureters in, 54-55, 55 
Exstrophy, 36, 36 
Extracalyceal contrast medium, 305, 305-306, 306 
Extracellular fluids (ECF), of body, 73 
Extracorporeal shock wave lithotripsy (ESWL), 193 
Extrarenal pelvis, dilated, 22, 24 
Extravesical ectopic insertion, of upper moiety ureter, 28-30, 29, 

30 


F 
Faceless kidney, 28 
Female genital tract 
adnexal diseases of, 497-508. See also Endometriosis; Ovary(ies) 
anomalies of, 45 
agenic, 45—46, 46 
DES associated, 47, 47-48 
duplication, 46-47, 47 
cervical diseases of, 492-495. See also Cervix 
diagnostic imaging of. See also Hysterosalpingography 
computed tomographic, 61-62 
magnetic resonance, 63, 65 
sonographic, 60 
ectopic pregnancy in, 505 
pelvic inflammatory disease of, 495-497. See also Pelvic 
inflammatory disease 
uterine disease of, 454—492. See also Endometriosis; Uterus 
in utero sonography, 45, 45t 
Female prostate, 367, 367, 368 
Feminizing tumor, 263 
Fetal lobation, 53, 54 
Fibroepithelial polyps 
in collecting system, 308 
of ureter, 336, 336 
of urethra, 41, 42 
Fibromuscular dysplasia (FMD) 
percutaneous transluminal angioplasty in, 224 
renovascular hypertension in, 215, 215-216, 216 
Fibrosis 
in renal tuberculosis, 304 
retroperitoneal, 291 
classification of, 291t 
computed tomography of, 292, 293 
etiology of, 291-292 
idiopathic, 291 


incidence of, 292 
location of, 292, 292 
magnetic resonance imaging of, 292, 293 
plain film radiography of, 292 
retrograde pyelography of, 292, 293 
secondary to drugs, 293 
tumors associated with, 291-292 
ultrasonography of, 292 
vs lymphadenopathy, 293, 293 
Flank stripe, 2 
Fluid collection. See Lymphocele; Pelvic fluid; Urinoma 
Fornix, 1 
Fournier’s gangrene, 449, 449 
Fungal infection, 172-173 


G 
Gadolinium based paramagnetic compounds, adverse effects of, 94 
Gadolinium DTPA, 78 
Gallium 67 citrate, 156 
Ganglioneuroblastoma, adrenal, 269 
Ganglioneuroma, adrenal, 277, 278 
Gas-forming infection, 162t, 163, 164 
diagnostic imaging of, 163 
organisms causing, 162 
terminology appropriate to, 162-163 
Type 1 EPN, 163 
Type 2 EPN, 163 
Genital ridge, 12 
Gerota’s fascia, 1 
Gestational trophoblastic disease, 491-492, 492 
theca-lutein cysts in, 504—505 
Glands of Littré, 6, 421, 421 
obstruction of, 421 
Glans penis, 8 
Gleason grading system, of prostate cancer, 397-398 
Glomerular filtration rate (GFR), 69, 75 
clearance and, 75 
decreasing, with age, 79, 81 
Glomerulonephritis, 150 
Glomerulus, 73, 74 
filtration rate of, 69. See also Glomerular filtration rate 
and blood pressure, 74 
Gonadal vein, thrombosis of, 209, 209 
Gonadal venography, 66 
detection of undescended testis by, 445 
Gonorrheal strictures, of male urethra 
cystourethrogram of, 417-418 
etiology of, 415-416, 416 
incidence of, 414-415 
periurethral abscess formation and, 416, 416, 417 
prostatic abscess formation and, 417, 417 
proximal urethral dilation and, 418, 419 
pseudodiverticulum formation and, 416, 416, 417 
reflux complications of, 418, 419 
retrograde urography of, 417, 418 
Graft rejection, 245 
Gubernaculum testis, 12 
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H 
Hemangioma 
adrenal, 276-277 
radiology of, 277 
symptoms of, 277 
Hematologic disorders, renal, 235-237 
Hemophilia, urographic renal abnormalities in, 236 
Hemorrhagic cysts, 106, 106 
Hexabrix. See Sodium-meglumine ioxaglate 
Histiocytoma, malignant fibrous 
retroperitoneal, 296, 298 
Histoplasmosis, 263 
HIV-associated nephropathy, 238, 238 
Horseshoe kidney, 18-19, 19, 20, 21 
malignancies prevalent in, 19 
Hounsfield units (HU), 82 
Human immunodeficiency virus infection. See AIDS (acquired 
immunodeficiency syndrome); HIV entries 
Hurley stick deformity, 36 
Hutch diverticulum, 37, 362, 362 
Hydatid disease, 173 
cysts associated with, 117-118 
diagnostic imaging of, 173-174 
Hydatid of Morgagni, 10, 12 
Hydronephrosis, 24, 24 
renal hypertension in, 212 
Hypaque. See Sodium diatrizoate 
Hypercalciuria, causes of, 179t 
Hyperdense cysts, 105-106, 106 
diagnostic imaging of, 106 
Hyperparathyroidism, 181 
Hyperplasia, adrenal, 262, 264, 265 
Hypertension, 212 
renal parenchymal, 212 
associated with adenocarcinoma, 212-213 
associated with Ask-Upmark kidney, 213, 274 
in chronic pyelonephritis, 212 
associated with cysts, 212 
in hydronephrosis, 212 
associated with juxtaglomerular tumors, 213, 213 
in trauma, 213-214, 214 
associated with Wilms’ tumor, 212-213 
renovascular, 214-215 
in atherosclerosis, 215, 215 
in children, 226-227 
diagnosis of 
arteriography in, 219, 227, 222 
computed tomographic angiography in, 219, 220 
Doppler ultrasonography in, 218 
magnetic resonance angiography in, 219, 220, 22] 
radionuclide renography in, 218, 219 
urography in, 218, 218 
in fibromuscular dysplasia, 215, 215-216, 216 
in middle aortic syndrome, 216-217, 217 
Page kidney in, 214, 288 
associated with renal artery aneurysm, 217 
renin measurement of, 222, 222 
renin release in, 214-215 
screening for, 217-218 
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Hypertension (cont'd) 
selection criteria in, 217 
in Takayasu’s aortitis, 216 
in transplantation, 217, 217 
treatment of, 222 
embolization in, 225 
percutaneous transluminal angioplasty in, 222-225. See also 
Percutaneous transluminal angioplasty 
Hypertensive urography, 218, 2/8 
Hypoplastic kidney, 17, 17 
Hypospadias, 41-42 
Hysterosalpingography, 66 
complications of, 67 
fluoroscopic control of examination in, 67 
indications for, 66 
injecting devices used in, 67 
instrumentation technique in, 66-67 


I 
Idiopathic hyperaldosteronism (IHA), 262 
Idiosyncratic reactions, 85-86 
Ileal conduit, 380-382, 383 
Ileoconduit 
studies of, 56-57, 57 
Impotence, 431—433 
in utero sonography, 45, 45t 
Indinavir stones, 185 
Indium 111 labeling, 156 
Infantile polycystic disease (IPCD), 108 
Infarction, renal, 202, 202-203 
chronic, 203 
segmental, 460, 462, 463 
Infection 
bacterial, 150—169. See also Bacterial infection 
fungal, 172-173 
gas-forming, 162-163, 163, 164 
opportunistic, AIDS-associated, 174-175 
Infection stones, 183, 183-184 
Inflammatory bowel disease, ureteral involvement, 343-344, 344 
Inflammatory disease, renal, 150 
AIDS and manifestations of, 174-175 
bacterial infections in, 150-169. See also Bacterial infection 
tuberculosis in, 169—172. See also Tuberculosis, renal 
uncommon infections in, 172-174. See also Actinomycosis; 
Brucellosis; Fungal infection; Hydatid disease 
Infundibulum, 1 
Inguinal hernia, scrotal, 445, 445 
Inguinal orchiectomy, 438 
Interlobar arteries, 74 
Interlobular arteries, 74 
Internist’s tumor, 124 
Interstitial cystitis, 359 
Interstitial nephritis, acute, 150, 235, 235 
Interureteric ridge, 3 
Intracellular fluid, of body, 73 
Intrarenal arteries 
diseases of, 199 
arteriolar nephrosclerotic, 201, 201 


collagen vascular, 199-200 
intravenous drug abuse and, 200 
radiation nephritis in, 201 
sclerodermal, 200 
Intrarenal reflux, 333, 333 
Intrathoracic kidney, 16, 16 
Intravenous drug abuse, vasculitis of, 200 
Iodism, 83 
lodixanol (Visipaque), 78, 78 
Iohexol (Omnipaque), 77, 78 
Iopamidol (Isovue), 77, 78 
lopromide, 78 
Ioversol (Optiray), 77, 78 
Isovue. See Iopamidol 


J 
Jackstones, 379, 380 
Juxtaglomerular tumor, 139, 139 
renal hypertension associated with, 213, 213 


K 
Kaposi’s sarcoma, renal involvement of, 175 
Kidney(s). See also Renal entries 
abscess of. See Renal abscess 
adenocarcinoma of. See Renal adenocarcinoma 
agenesis of, 16-17, 17 
associated with seminal vesicle cyst, 34 
anatomical position of, 1 
anatomy of, 1-2 
arterial, 195-196, 196. See also Renal artery(ies) 
functional, 73-74, 74. See also Renal physiology 
venous, 196-199, 197, 198. See also Renal vein(s) 
anomalies of 
formational, 16-21 
positional, 14-16 
arteries of, 74. See also Renal artery(ies) 
Ask-Upmark, 17 
calyx of. See Calyx(ces) 
collecting system of, 1, 74, 74. See also Collecting system; Renal 
pelvis 
cortex of, 1, 74, 74 
crossed ectopic, 18, 18, 19 
cysts of. See Renal cysts 
diagnostic imaging of. See also specific disease or condition 
excretory urographic, 53 
MRI, 63, 64 
disease of. See also Medical renal disease; Renal failure 
caused by duplex collecting systems, 28-31 
donut, 21 
duplication of, 25-31 
dysplastic, 17. See also Dysplastic kidney 
ectopic, 14, 15 
embryological development of, 10-11, 77 
failure of. See Renal failure 
fistulae of, 164, 164-165, 165 
functional purpose of, 73 
horseshoe, 18-19, 19, 20, 21 
hypoplastic, 17, 17 
infection of. See Infection 


inflammatory disease of. See Inflammatory disease 
injuries of. See Renal injuries 

intrathoracic, 16, 16 

lobes of, 11 

lump, 21 

lymphatic system of, 199 

malrotation of, 14, 15 

medulla of, 1, 74, 74 

Page, 214, 288 

pancake, 21 

papilla of, 1, 74, 74. See also Papilla 

pelvis of, 1, 74, 74. See also Renal pelvis 
physiology of, 74-76. See also Renal physiology 
supernumerary, 17—18 

transplantation of. See Transplantation 

tumors of, 123—147. See also Renal tumors 
unipapillary, 21 

venous system of. See Renal vein(s) 


Kock pouch, 383, 384, 384, 385 


L 
Large bowel pouch, 384 
Lateroconal fascia, 1 
Leukemia 
chronic lymphocytic, 294, 295 
lymphadenopathy in, 294, 295 
nephromegaly in acute, 236, 236 
Leukoplakia 
of collecting system, 308 
ureteral, 337 
Lipomatosis, bladder compression in pelvic, 368-369, 369, 370 
Lobe of Albarran, 4, 395, 396 
Loin pain hematuria syndrome, 237 
Loop of Henle, 74, 74 
differential absorption by, 75 
Loopogram, 56-57, 57 
Lopax. See Uroselectan 
Lump kidney, 21 
Lymphadenopathy, 294 
criteria of, 293t 
in leukemia, 294, 295 
lymphangiography in, bipedal, 294, 296 
lymphatic system drainage in, 294, 294 
in lymphoma, 294, 295 
nodal metastases in, 294, 294 
ureteral displacement in, 328, 329 
Lymphangiomatosis, renal, 209-210, 210 
vs autosomal-dominant polycystic disease, 210 
Lymphangiomyomatosis, 136-137 
renal, chyluria and, 290-291 
Lymphatic system, renal, 199 
Lymphocele, 289-290, 290 
post transplant, 256, 256-257 
Lymphoma, renal, 142, 142-143, 143 
associated with AIDS, 175 


M 
Macula densa, 74 


Subject Index 519 


Magnetic resonance imaging (MRI), 62. See also specific organ, mass 
or disease 
in bacterial infections, 152 
contrast media, adverse effects of, 94 
gynecologic, 63, 65 
urologic, 62, 62—63, 63, 64, 65 
Malacoplakia, 166-167, 168 
of bladder, 359 
of collecting system, 308 
renal parenchymal, 166-167, 168 
ureteral, 337-338, 338 
Malignant fibrous histiocytoma, 138 
Malrotation, of kidney, 14, 15 
Mathe’s sign, 159 
Matrix stones, 184-185, 185 
Mayer-Rokitansky-Kuster-Hauser syndrome, 45 
McNeal’s transitional zones, 4, 7 
Meatal stenosis, of male urethra, 41 
Mediastinum testis, ultrasonography of, 437 
Medical renal disease. See also Renal failure 
acute cortical necrosis, 234, 234-235 
acute interstitial nephritis, 235, 235 
acute leukemia, 236, 236 
acute tubular necrosis, 233-234, 234 
acute urate nephropathy, 237-238, 238 
Alport’s syndrome, 239, 239 
amyloidosis, 236-237, 237 
Balkan nephropathy, 239 
diabetic nephropathy, 238 
hematologic, 235-237 
hemophilia, 236 
loin pain hematuria syndrome, 237 
miscellaneous, 239 
multiple myeloma, 236 
myoglobinuria, 237, 237 
thabdomyolysis, 237, 237 
sickle cell anemia, 235, 235-236, 237, 237 
Medulla, 1, 74, 74 
carcinoma of, 131-132 
cystic disease of, 108 
classification of, 108 
ultrasound imaging of, 108 
nephrocalcinosis of, 179-180, 180 
causes of, 180t 
hyperparathyroidism, 181 
medullary sponge kidney, 781, 181-182, 182 
milk-alkali syndrome, 181 
renal tubular acidosis, 181 
Medullary sponge kidney (MSK), 181, 181-182, 182, 302 
differential diagnosis of, 303 
excretory urography of, 302, 302, 303 
plain film radiology of, 302, 302 
symptoms of, 302 
Megacalycosis, 21, 27 
Megacalyx, congenital, 21, 27 
Megaureter, primary or congenital, 25, 326-327 
conditions including, 327 
grade I, 326, 326 
grade II, 326, 327 
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Megaureter, primary or congenital (contd) 
grade III, 326, 327 
in prune-belly syndrome, 327, 327 
Meglumine iothalamate (Conray), 77, 77 
Meigs’ syndrome, 498 
Membranous urethra, 6, 6, 7, 8 
MEN (multiple endocrine neoplasia), 265-266, 267, 267 
type 2A, 266 
type 2B, 266 
Mesenchymal tumors 
of bladder muscle, 376, 376 
renal 
angiomyolipoma, 136-138. See also Renal angiomyolipoma 
fibrous tumor, 138 
hemangioma, 138-139 
juxtaglomerular, 139, 139 
leiomyoma, 138 
leiomyosarcoma, 138 
lipoma, 138 
malignant fibrous histiocytoma, 138 
osteosarcoma, 138 
Mesoblastic nephroma, 136 
Mesonephros, 10 
Metaiodobenzylguanidine (MIBG), 268 
Metanephric blastema, 10 
Metanephrines, urinary, 266 
Metanephros, 10 
Metastatic nephrocalcinosis, 178 
Metrizamide, 77, 77 
Meyer-Weigert Law, 26 
Michaelis-Gutmann bodies, 166, 337 
Microcalyx, 21, 21 
Micturition reflex arc, nerve supply of, 3 
Middle aortic syndrome, renovascular hypertension in, 216-217, 
217 
Midureteral spindle, 326, 326 
Milk-alkali syndrome, 181 
Monoacidic dimers, 78 
Mulberry stones, 379, 380 
Miillerian duct 
cysts of, 38, 38, 39, 428 
development of, 11, 12 
female, agenesis of, 45-46, 46 
Multicystic dysplastic kidney (MCDK), 111 
diagnostic imaging of, 711, 111-112, 112 
disorders associated with, 111 
hydronephrotic vs, 111 
treatment of, 112-113 
Multilocular cystic nephroma (MLCN), 113, 113-114 
Multiple endocrine neoplasia (MEN), 265-266, 267, 267 
type 2A, 266 
type 2B, 266 
Multiple myeloma, 143 
renal disease in, 236 
Musculus compressor nuda, 6, 6 
Myelolipoma, adrenal, 273 
radiology of, 274, 275 
treatment of, 274 
Myoglobinuria, renal, 237, 237 


N 
Nabothian cysts, 495 
Necrotizing papillitis, 299 
Neolopax. See Sodium iodomethamate 
Nephritis 
acute interstitial, 150, 235, 235 
radiation, vascular changes in, 201 
Nephroblastomatosis, 135, 135-136 
Nephrocalcinosis, 178 
cortical, 178-179, 179 
major causes of, 179t 
dystrophic, 178 
hypercalciuria in, causes of, 179t 
medullary, 179-182. See also Medulla, nephrocalcinosis of 
metastatic, 178 
Nephrogenic adenoma, 361-362 
Nephrogram films, 51, 51. See also Excretory urography 
Nephrolithiasis, 182. See also Nephrocalcinosis 
calcium stones in, 182-183 
in children, 185-186 
cystine stones in, 183, 183 
diagnostic imaging of 
computed tomographic, 190 
definitive, 190-191 
secondary signs in, 191, 191-192, 192, 192t, 193 
excretory urographic, 187, 187—188, 198 
plain radiographic, 186-187, 187 
ultrasonographic, 189, 189-190, 190 
ureteral stones vs. phleboliths in, 192, 193 
incidence of, 183t 
indinavir stones in, 185 
infection stones in, 183, 183-184 
matrix stones in, 184-185, 185 
oxalate stones in, 185, 185, 186 
treatment of, 193 
uric acid stones in, 184, 184 
xanthine stones in, 184 
Nephroma, mesoblastic, 136 
Nephron, 73, 74 
embryological development of, 10 
physiology of urine formation in, 75 
Nephronophthiasis, juvenile, 108 
Nephrosclerosis, arteriolar, 201, 201 
Net filtration pressure (NFP), 75 
Neuroblastoma, adrenal, 268 
computed tomography of, 269, 270, 270 
histology of, 269 
incidence of, 268-269 
magnetic resonance imaging of, 270, 270 
radionuclide studies of, 270-271 
staging of, 268t, 269 
symptoms of, 269 
treatment of, 271 
ultrasonography of, 269, 269-270 
urography of, 269 
Neurofibromatosis 
percutaneous transluminal angioplasty in, 224 
associated with pheochromocytomas, 266 


Neurogenic bladder, 385-386 
classification of, 387t 
detrusor areflexia, 391, 391-392 
detrusor hyperreflexia, 389, 389-391, 390 
uninhibited bladder, 387, 387-389, 388 
Non-Hodgkin’s lymphoma, 294, 295 
Nonionic monomer, 77 
Nonseminomatous germ cell tumors (NSGCT), 438 


Oo 
Obstructive nephrogram, 316-318, 317, 318 
Omnipaque. See Iohexol 
Oncocytoma, 132, 132-133, 133 
Opacification, of urinary tract, 79. See also Contrast medium 
Optiray. See Ioversol 
Orchitis, 448, 448-449 
Ormand’s disease, 291 
Orofaciodigital syndrome, renal cysts associated with, 117 
Orthotopic pouches, 383 
Osteosarcoma, 138 
Ovarian vein syndrome, ureteral involvement, 345-346 
Ovary(ies) 
cysts of, 504, 504-505, 505 
embryology of, 12 
polycystic disease of, 505 
torsion of, 507, 507-508 
tumors of, 497 
ascites associated with, 500, 501 
benign vs malignant, 499-500 
computed tomography of, 500, 500 
cystic lesions of, 499, 499-500, 500 
dermoid, 501, 502, 503 
extraovarian, 497 
fibroid, 503, 503 
hormone secretion by, 498 
Krukenberg, 503, 503 
magnetic resonance imaging of, 500-501 
metastases of, 500, 501 
mucin-secreting, 498 
primary, 497-498 
screening for, 498 
solid, 503, 503 
staging of, 498, 498t 
transvaginal ultrasonographic screening of, 498 
types of, 497 
ultrasonography of, 499, 500 
Oxalate stones, 185, 185, 186 


P 
Page kidney, 214, 288 
Pancake kidney, 21 
Pancreatitis, hemorrhagic, 287, 288 
Papilla, 1, 74, 74 
abnormalities of, in renal tuberculosis, 170 
adenocarcinoma of, 129—130, 131 
ectopic, 21—22, 22 
necrosis of, 299 
in analgesic nephropathy, 299-300, 301 
calyceal changes in, 300, 300, 301 
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in diabetes mellitus, 300 
etiology of, 299 
excretory urography of, 301, 301 
in infection, 300 
patterns of, 300 
plain film radiology of, 300-301 
in renal tuberculosis, 304 
retrograde pyelography of, 301, 301 
in sickle cell disease, 300 
vs. papillary stones, 302 
stones vs papillary necrosis, 302 
Papillary duct, 1 
Papilloma 
bladder, 371 
collecting system, 308 
Paraganglioma, 267, 267 
Paraminohippurate (PAH), 75-76 
Parapelvic cyst, 119 
Pararenal space, 1, 2 
fat distribution in, 2 
hematomas in, 287, 288 
retroperitoneal hemorrhage in, 287, 288 
Parenchyma, renal 
calcification of, in renal tuberculosis, 170 
scarring in renal tuberculosis, 170 
tumors of, 123-136 
adenocarcinoma, 123-131 
adenoma, 132 
mesoblastic nephroma, 136 
nephroblastomatosis, 135, 135-136 
oncocytoma, 132, 132-133, 133 
renal medullary carcinoma, 131-132 
rhabdoid tumor, 135 
Wilms’ tumor, 133-134, 134 
Pelvic extra peritoneal space, 2 
Pelvic fluid collection, 290, 290 
Pelvic inflammatory disease (PID), 495 
computed tomography of, 495, 495-496 
hydrosalpinx in, 495, 496 
hysterosalpingography in, 496 
incidence of, 495 
magnetic resonance imaging of, 496 
pelvic adhesions in, 496, 497 
salpingitis isthmica nodosa in, 496-497, 497 
symptoms of, 495 
treatment of, 495 
tubo-ovarian abscess in, 495, 495 
ultrasonography of, 495, 495, 496 
Pelvic lipomatosis, bladder compression in, 368-369, 369, 370 
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Pelvicalyceal system. See Calyx(ces); Collecting system; Renal pelvis; 


Renal sinus 

Penile artery, dorsal and deep, 9 
Penis 

anatomy of, 8-10 

arterial supply of, 9 

erectile dysfunction of, 431 

erection of, 431, 432 

injury of, 481, 481 


innervation of, 9-10 
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Penis (cont'd) 
lesions of, 431 
parasympathetic innervation of, 9 
Peyronie’s disease of, 433-434, 434 
prostheses for, 431, 432, 433, 433, 434 
venous drainage of, 9 
Penoscrotal junction, 8 
Percutaneous nephrostomy (PCN), 193 
in post transplant urologic complications, 255 
Percutaneous renal artery embolization, 225 
Percutaneous transluminal angioplasty (PTA), 222 
in atherosclerosis, 223, 223-224 
complications of, 224, 224-225, 225, 226 
in fibromuscular dysplasia, 224 
mechanics of, 222-223 
in neurofibromatosis, 224 
results of, 223 
stents used in, 223 
in Takayasu’s aortitis, 224 
in transplantation, 224 
Perineal membrane, 8 
Perinephric abscess, 159 
computed tomography of, 159-160, 160 
excretory urography of, 159, 159 
percutaneous drainage of, 160 
signs of, 159 
ultrasonography of, 159, 159 
Perinephric cyst, 119, 120 
rupture of, and retroperitoneal hemorrhage, 287, 288 
Perinephric hematoma, 287, 288 
Perinephric space, 1 
retroperitoneal hemorrhage into, 287 
Peripelvic fat, 1, 74, 74 
Perirectal space, 2 
Perirenal fascia, 1, 2 
Perirenal space, 1 
Periurethral abscess, 421, 421-422 
Periurethral gland, 4, 7 
Perivesical inflammatory lesions, 360, 360, 361 
Peyronie’s disease, 433—434, 434 
Phakomatoses, 114-116 
Pheochromocytoma 
adrenal, 265 
computed tomography of, 267, 267-268 
hypertension associated with, 265 
magnetic resonance imaging of, 268, 268 
multiple endocrine neoplasia associated with, 265-266 
neurofibromatosis associated with, 266 
radionuclide studies of, 268, 268 
symptoms of, 265 
syndromes associated with, 266 
treatment of, 266 
ultrasonography of, 266-267 
bladder, 370-371, 370-371 
Pine tree bladder, 389, 390 
Plasma flow, renal, 75-76. See also Contrast medium 
Polyarteritis nodosa (PAN), 199, 200 
ureteral involvement, 342 
Polycalicosis, 21 


Polycystic ovary disease, 505 
Polycystic renal disease 
autosomal-dominant, 109-111, 110. See also Autosomal- 
dominant polycystic disease 
autosomal-recessive, 108, 109 
childhood, 108 
Post transplant abscess, 257 
Postvoid films, 52-53, 53 
Presacral space, 2 
Primary adrenal hyperplasia (PAH), 262 
Primary adrenal insufficiency, 261 
Pronephros, 10 
Prostate 
anatomical position of, 4 
anatomy of, 4 
benign hypertrophy of, 394-397. See also Benign prostatic 
hypertrophy 
calcification of, 409-410, 410, 411 
cancer of. See Prostate cancer 
embryonal rhabdomyosarcoma of, 398 
glandular hypertrophy of, 4 
glandular tissue zones of, 4 
inflammation of. See Prostatitis 
intravesical, 395, 396 
lobes of, 4, 4 
periurethral glands of, 4 
primary malignant melanoma of, 398 
sonography of, 60 
ultrasonography of, 60 
Prostate cancer, 4, 64 
chest radiograph in, 403 
computed tomography of, 403, 403-404, 404 
diagnosis of, 401 
dissemination of, 400-401 
etiology of, 397 
grade and stage in, relation between, 400t 
grading systems for, 397-398 
imaging of, 401 
computed tomographic, 403, 403-404, 404 
magnetic resonance, 405-408, 406, 407, 408 
radionuclide bone scan, 401-402, 402 
super bone scan, 402-403, 403 
transrectal ultrasonographic, 404, 404—405, 405 
incidence of, 397 
magnetic resonance imaging of, 405-408, 406, 407, 408 
metastatic, radiography of, 401-403, 402 
monoclonal antibody detection of, 408 
Paget’s disease lesions and, 402 
pathology of, 397-398, 398 
radionuclide bone scan imaging of, 401-402, 402 
screening for, 399-400 
staging comparisons, 400t 
staging of, 398, 399 
super bone scan of, 402-403, 403 
symptoms of, 401 
transrectal ultrasonography of, 404, 404—405, 405 
Prostatectomy, radical, 431 
changes after, 431 


Prostatic utricle, 7, 12 
dilated, 38, 39 
Prostatitis, 408 
computed tomography of, 409, 409 
magnetic resonance imaging of, 409, 409 
transrectal ultrasonography of, 408-409, 409 
Protein-specific antigen (PSA) screening, 399-400 
Proximal tubule, 74, 74 
Prune belly syndrome 
features of, 35, 35 
genital abnormalities of, 35 
primary megaureter in, 327, 327 
urinary tract abnormalities of, 35-36, 36 
Pseudodiverticulosis, ureteral, 339, 339 
Pseudomyxoma peritonei, 498 
Pseudotumor, adrenal, 282-283, 283 
Pseudoureterocele, 346, 346 
Psoas abscess, 289, 289 
Psoas hypertrophy, 328, 328 
Ptotic kidney, ureter in, 328 
Pudendal artery, internal, and branches, 9 
Pyelitis cystica, in collecting system, 30 
Pyelography, retrograde. See Retrograde pyelography 
Pyelolymphatic backflow, 318, 320 
Pyelonephritis 
acute, 151 
antibiotic therapy and appearance of CT findings in, 156, 156 
caliectasis in, 154 
computed tomography of, 154-156, 155, 156t 
diagnosis of, 152-153 
computed tomography in, 151-152, 153, 154 
excretory urography in, 151, 152, 153 
magnetic resonance imaging in, 152, 152 
radionuclide studies in, 152, 156 
ultrasonography in, 152 
focal, 155, 155 
mucosal striations in, 154 
radionuclide studies of, 152, 156 
severe 
excretory urography in, 153, 153-154 
kidney wasting in, 156, 156 
ultrasonography of, 154, 154 
chronic, 168 
diagnostic imaging of, 169, 169 
etiology of, 168 
renal hypertension in, 212 
ischemic necrosis in, 157 
papillary necrosis in, 300 
scarring from, 157 
Pyeloplasty, in ureteropelvic junction obstruction, 24 
Pyelosinus extravasation, 318, 319 
Pyelotubular backflow, 318, 319 
Pyelovenous backflow, 318, 320 
Pyogenic cyst, 303 
Pyonephrosis, 151, 160, 162 
diagnosis of 
imaging, 160-161 
ultrasonographic, 152, 161, 161 
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percutaneous aspiration of urine with radiologic guidance in, 
161-162 
Pyramid(s), 1, 74, 74 
embryological development of, 10-11 


R 
Radiation cystitis, 358 
Radiation nephritis, vascular changes in, 201 
Radionuclide studies, 67—68. See also specific organ, mass or disease 
nonrenal, 69 
renal, 69, 69 
renal function studies, 69 
renographic, 68, 68 
in renovascular hypertension, 218, 219 
Reflux nephropathy 
in chronic pyelonephritis, 168-169 
of collecting system, 312, 312, 313 
of duplex collecting system, 28, 29 
Rejection, post transplant, 245 
accelerated acute, 245, 246 
ATN and cyclosporine toxicity vs., 246-247, 247 
chronic, 245, 248 
hyperacute, 245, 246 
Renal abscess 
acute, 156, 158 
angiography of, 158 
computed tomography of, 158 
excretory urography of, 156, 158 
formation of, 156 
radionuclide studies of, 158 
signs of, 156 
ultrasonography of, 158 
chronic, 158, 158-159 
formation of, in infections, 151 
percutaneous drainage of, 160, 160, 161 
Renal adenocarcinoma, 123 
in acquired renal cystic disease, 123 
adrenal metastasis in, 128, 128 
angiography of, 127, 127 
behavior of, 124 
Bellini duct carcinoma as, 130, 131 
clinical presentation of, 123-124, 124t 
computed tomography of, 124, 125-127, 126 
diagnostic imaging of, 124-125 
endocrine manifestations of, 124t 
excretory urography of, 125 
gender incidence of, 123 
hematuria in, 124t 
hypertension associated with, 212-213 
inferior vena caval extension of, 129, 129 
magnetic resonance imaging of, 126, 127 
papillary, 129-130, 131 
renal function in, 124-125 
Robson staging system for, 127—129, 128, 128t 
sarcomatoid carcinoma as, 130-131, 131 
staging systems for, 127, 128 
TNM staging system for, 127, 128t 
ultrasonography of, 125, 125 
venous extension of, 129, 129, 130 
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Renal agenesis. See under Kidney(s) 
Renal angiomyolipoma 
arteriography of, 138 
computed tomography of, 137, 137 
magnetic resonance imaging of, 138 
sporadic, 136 
treatment of, 138 
associated with tuberous sclerosis, 136 
ultrasonography of, 137, 137 
Renal artery(ies), 74, 195-196, 196 
accessory, 195, 196 
aneurysm of, 204, 204-205, 205 
mycotic, 205 
renovascular hypertension in, 217 
arteries arising from, 195 
compromise of, and collateral pathways, 195 
dorsal and ventral rami of, 195 
embolism of, 202-203, 203 
infarction of, 202, 202-203, 203 
intra-, 195—196. See also Intrarenal arteries 
segmental branches of, 195 
stenosis of, 219, 221, 222 
post transplant, 250, 250-251, 251 
thrombosis of, 204 
post transplant, 250 
traumatic bleeding of, 462-463, 464 
traumatic thrombosis in, 463, 465, 465—466, 466 
vascular impression by, 306, 306-307, 307 
Renal blood flow, 74 
Renal calyx. See Calyx(ces) 
Renal capsule, tumors of, 145 
Renal collecting system. See Collecting system 
Renal cortex. See Cortex; Cortical entries 
Renal counter-current mechanism, 75 
Renal cysts, 64, 101 
in acquired renal cystic disease, 116, 116, 117 
bilateral, 116 
calcified, 104-105, 105 
classification of complicated, 106-107 
communicating, 178, 118-119 
complicated, 104 
calcifications, 104-105, 105 
classification of, 106-107 
hemorrhagic, 106, 106 
high density masses, 105-106, 106 
hyperdense, 105 
septations, 104, 105 
thick wall, 105, 705 
cortical, 101—108 
extraparenchymal, 119, 119-120, 120 
in hydatid disease, 117-118 
indeterminate masses and, 145-146, 146 
in medullary cystic disease, 108 
milk of calcium, 107, 107-108 
MRI imaging of, with and without contrast medium, 64 
in multicystic dysplastic kidney, 111-113. See also under 
Dysplastic kidney 
in multilocular cystic nephroma, 113, 113-114 
multiple, 117 


multiple solid masses and, 117 
in orofaciodigital syndrome, 117 
parapelvic, 119 
perinephric, 119, 120 
in polycystic renal disease, 108-111. See also Polycystic renal 
disease 
puncture of, 120 
and renal hypertension, 212 
simple, 101-108, 103 
beak sign of, 102 
claw sign of, 102 
computed tomography of, 102-103, 103 
excretory urography of, 101-102, 102 
magnetic resonance imaging of, 103-104, 104 
rupture of, symptoms associated with, 104 
symptoms associated with, 101 
ultrasound imaging of, 103, 103 
in systemic disease, 114 
tuberous sclerosis complex, 114, 115 
von Hippel-Lindau disease, 114-116, 115 
in unilateral cystic disease, 104, 104 
Renal dysplasia. See Dysplastic kidney 
Renal ectopy, 14, 15 
Renal failure, 230 
acute, 230-231 
chronic, 231 
diagnostic imaging of 
angiography in, 233 
computed tomography in, 232-233, 233 
excretory urography in, 231, 231-232 
magnetic resonance imaging in, 233 
plain film radiography in, 231 
radionuclide studies in, 233 
retrograde pyelography in, 233 
ultrasonography in, 232, 232 
Renal fistulae, 164, 164-165, 165 
Renal function, 69. See also Renal physiology 
radionuclide studies of, 69 
Renal hypoplasia. See Hypoplastic kidney 
Renal imaging. See Kidney(s) 
Renal infarction, 202, 202-203 
chronic, 203 
segmental, 460, 462, 463 
Renal inflammatory disease. See Inflammatory disease 
Renal injuries, 452 
arterial bleeding in, 462-463, 464 
arterial thrombosis in, 463, 465, 465—466, 466 
blunt trauma, classification of, 457t 
classification of, 457 
category I, 457-459, 458-460 
category II, 459-462, 460-463 
category III, 462-465, 464, 465 
category IV, 466, 466-467, 467 
radiologic, 457 
clinical features of, 451-452, 452 
contrast material extravasation in, 462 
hematomas, 458, 458—459, 459 
hypertension associated with, 213-214, 214 


imaging of 
angiographic, 455-456, 456 
computed tomographic, 455, 455 
diagnostic, 453-455, 455 
excretory urographic, 455 
magnetic resonance, 456 
radionuclide scan, 456—457 
ultrasonographic, 456 
lacerations in, 459-460, 460, 461 
mechanism of, 452-453, 453 
pseudoaneurysm in, 460, 462 
segmental renal infarction in, 460, 462, 463 
ureteropelvic junction laceration in, 466, 466-467, 467 
venous laceration in, 462—463, 464 
Renal lobe(s) 
embryological development of, 11 
primitive, 11 
Renal lymphoma, 142, 142-143, 143 
associated with AIDS, 175 
Renal margin, 53, 54 
Renal mass. See also Renal cysts 
cystic, 145-146, 146 
indeterminate, 145-147 
small, 146-147 
Renal papilla. See Papilla 
Renal parenchymal malacoplakia (RPM), 166-167, 168 
Renal pelvis, 1, 74, 74. See also Collecting system 
aberrant papilla of, 21-22, 22 
abortive calyces of, 21 
anomalies of, 21—22 
congenital megacalyces of, 21, 21 
duplication of. See Duplex collecting system 
ectopic papilla of, 21-22, 22 
intraluminal filling defect in, 309-310, 311 
microcalyces of, 21, 27 
multiplicity of calyces of, 21 
tumors of, 139 
squamous cell carcinoma, 141 
transitional cell carcinoma, 139-141 
unipapillary, 21 
Renal physiology, 75 
ADH action on collecting ducts in, 75 
Bowman’s capsule and glomerular filtration pressures in, 75 
clearance rates of substances in, 75 
of contrast excretion, 79-83. See under Contrast medium 
differential absorption by loop of Henle in, 75 
filtration volume and urine volume in, 75 
glomerular filtration rate (GFR), 75 
homeostatic functions of, 74-75 
net filtration pressure (NFP) in, 75 
plasma flow in, 75-76 
Renal plasma flow (RPF), 75-76. See also Contrast medium 
Renal pseudotumor, 53-54, 55 
Renal pyramid(s). See Pyramid(s) 
Renal sinus, 1. See also Collecting system 
cysts of, 119, 119-120, 120 
fat of, 306 
hemorrhage in, 307-308, 308 
Renal transplantation. See Transplantation 


Renal tubular acidosis (RTA), 181 
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Renal tubules. See Tubules 


Renal tumors 


adenocarcinoma, 123-131. See also Renal adenocarcinoma 
adenoma, 132 
angiomyolipoma, 136-138. See also Renal angiomyolipoma 
Bellini duct carcinoma, 130, 131 
Bosniak classification, of cystic lesions, 146 
capsular, 145 
cystic, 145-146, 146 
fibrous, 138 
hemangioma, 138-139 
histiocytoma, malignant fibrous, 138 
indeterminate, 145—147 
internist’s tumor, 124 
juxtaglomerular tumor, 139, 139 
leiomyoma, 138 
leiomyosarcoma, 138 
lipoma, 138 
lymphangiomyomatosis, 136-137 
malignant fibrous histiocytoma, 138 
medullary carcinoma, 131-132 
mesenchymal, 136-139. See also Mesenchymal tumors 
mesoblastic nephroma, 136 
nephroblastomatosis, 135, 135-136 
nephroma, mesoblastic, 136 
oncocytoma, 132, 132-133, 133 
osteosarcoma, 138 
papilla, adenocarcinoma of, 129-130, 131 
parenchymal, 123-136. See also Parenchyma, renal 
of renal pelvis, 139-141 

squamous cell carcinoma, 141 

transitional cell carcinoma, 139-141 
rhabdoid, 135 
Robson staging system of, 127-129, 128, 128t 
sarcomatoid carcinoma, 130-131, 131 
secondary, 142-145 

leukemia, 143 

lymphoma, 142, 142-143, 143 

multiple myeloma, 143 

solid tumor metastases, 144, 144-145 
squamous cell carcinoma, 141 
TNM staging system of, 127, 128t 
transitional cel! carcinoma, 140, 141 
tuberous sclerosis complex and, 136 


Wilms’ tumor, 133-134, 134 


Renal vein(s), 196 


anomalies of, 198, 198-199, 199 
circumaortic, 196-197, 197 
left, obstruction of, 198 
retroaortic left, 197, 197 
right, 197 
thrombosis of, 198, 207 
diagnostic imaging of, 207, 207, 208, 209 
etiology of, 207t 
traumatic laceration of, 462—463, 464 
valves occurring in, 197-198, 198 
varices in, 198 


vascular impression by, 306, 306-307, 307 
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Renin 
measurement of, 222, 222 
release of, 214-215 
Renin-angiotensin interaction, 214—215 
Reninoma, 213 
Renografin 60. See Sodium-meglumine diatrizoate 
Renogram 
captopril, 218, 219 
radioisotopic, 68 
Renovascular hypertension, 214-215 
in atherosclerosis, 215, 215 
in children, 226-227 
diagnosis of 
arteriography in, 219, 221, 222 
computed tomographic angiography in, 219, 220 
Doppler ultrasonography in, 218 
magnetic resonance angiography in, 219, 220, 221 
radionuclide renography in, 218, 219 
urography in, 218, 2/8 
in fibromuscular dysplasia, 215, 215-216, 216 
in middle aortic syndrome, 216-217, 217 
associated with renal artery aneurysm, 217 
renin measurement of, 222, 222 
renin release in, 214-215 
screening for, 217-218 
selection criteria in, 217 
in Takayasu’s aortitis, 216 
in transplantation, 217, 217 
treatment of, 222 
embolization in, 225 
percutaneous transluminal angioplasty in, 222-225. See also 
Percutaneous transluminal angioplasty 
Retrocaval ureter. See Circumcaval ureter 
Retrograde pyelography, 55 
in bacterial infections, 152 
complications of, 56 
routes of extravasation in, 56 
use of, 56 
Retroperitoneal fibrosis, 291 
classification of, 291t 
computed tomography of, 292, 293 
etiology of, 291-292 
idiopathic, 291 
incidence of, 292 
location of, 292, 292 
magnetic resonance imaging of, 292, 293 
plain film radiography of, 292 
retrograde pyelography of, 292, 293 
secondary to drugs, 293 
tumors associated with, 291-292 
ultrasonography of, 292 
ureteral involvement in, 344-345, 345 
vs lymphadenopathy, 293, 293 
Retroperitoneum 
abscess of, 289, 289 
anatomy of, 2 
boundaries of, 1 
chyluria and, 290-291, 291 
fibrosis in, 291-293. See also Retroperitoneal fibrosis 


fluid collection in, 286 
abscess, 289 
hemorrhage, 286-288 
lymphocele, 289-290 
pelvic fluid, 290 
urinoma, 288 
hemorrhage in, 286 
abdominal aortic aneurysm and, 286 
adrenal gland disease and, 287 
adrenal tumors and, 287 
computed tomography of, 287, 287, 288, 288 
imaging of, 286-287 
kidney disease and, 287 
renal lesions and, 287, 288 
leiomyosarcoma of, 296, 297 
lipoma of, 297 
liposarcoma of, 296-297, 297 
lymphadenopathy in, 293-296. See also Lymphadenopathy 
tumors of, primary, 296 
diagnostic imaging of, 296-297, 298 
lipomatous, 297 
magnetic resonance imaging of, 298 
malignancy of, 296 
malignant, 296, 297, 298 
neural, 297, 298 
signs of, 296 
source tissues of, 296t 
teratomas, 298 
Retrovesical space, 2 
Rhabdoid tumor of kidney (RTK), 135 
Rhabdomyolysis, renal disease in, 237, 237 
Rim sign, 192, 192 
Robson staging system, 127-129, 128, 128t 


S 
Sacral kidney, 14 
Salpingitis isthmica nodosa, 496-497, 497 
Sarcomatoid carcinoma, 130-131, 131 
Schistosomiasis 
bladder calcification in, 356, 356-357, 357 
bladder involvement in, 355, 355, 356, 357 
life cycle of, 356 
symptoms of, 356 
ureteral lesions in, 340, 340 
urography in, 356, 356 
Schwannoma, retroperitoneal, 297, 298 
Scleroderma, vascular changes in, 200 
Scout film, 49-50, 57 
air appearance in, 50 
bony abnormalities in, 50 
calcification in, 50, 57 
soft tissue density in, 50 
Scrotum. See also Testis(es) 
anatomy of, 10, 437 
epididymal cysts in, 446, 446 
extratesticular tumors in, 447 
Fourniers gangrene of, 449, 449 
hernia in, 445, 445 
hydrocele of, 445, 446 


imaging of, 436 
inflammatory lesion of, 447-449 
injury of, 442, 442, 443 
radionuclide studies of, 69-70 
superficial inflammation of, 449 
ultrasonography of, 60 
varicoceles in, 446-447, 447 
Secondary tumors 
leukemia, 143 
lymphoma, 142, 142-143, 143 
multiple myeloma, 143 
solid tumor metastases, 144, 144~145 
Selectan neutral, 76, 76-77 
Seminal vesicle 
anatomy of, 5 
anomalies of, 38 
cysts of, 38, 40, 411-412, 412 
associated with ipsilateral renal agenesis, 34 
disease symptoms of, 410 
image of, 5 
infection of, 412 
neoplasms of, 412 
radiology of, 410-411, 411 
Seminoma, 438, 438-439, 439 
Septal cortex, 1 
assimilation of, 11 
Septated cyst, 104, 105 
Septum pectiniform, 8 
Sertoli cell, 10 
Sickle cell disease 
papillary necrosis in, 300 
renal abnormalities in, 235, 235-236 
Sodium diatrizoate (Hypaque), 76, 77 
cumulative excretion rate of, 8/ 
Sodium iodine, as contrast medium, 76 
Sodium iodomethamate (Neolopax), 76, 77 


Sodium-meglumine diatrizoate (Renografin 60), 76, 77 


Sodium-meglumine ioxaglate (Hexabrix), 78, 78 
Sodium monoiodohippurate, 76, 77 
Solid tumor metastases, 144, 144-145 
Sonography. See Ultrasonography 
Space of Retzius, 2, 3 
Spermatic cord torsion, 443 
Spindle, midureteral, 326, 326 
Squamous cell carcinoma, 141 
of bladder, 374-375, 374-375 
of ureter, 335 
Squamous metaplasia, in collecting system, 308 
Staghorn calculus, 783, 183-184 
Steinstrasse, 193, 193 
Stents, vascular, 233 


Stomach fluid, in normal excretory urogram, 53-54, 55 


Stones. See Bladder, calculi of; Nephrolithiasis 
Stress incontinence, and cystocele, 363-365 
Subcapsular hematoma, 214, 214 
Suburothelial hemorrhage, 342, 342 
Supernumerary kidney, 17-18 

Suspensory ligament, 8 

Systemic lupus erythematosus, 200 
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T 
Tail sign, 192, 193 
Takayasu’s aortitis 
percutaneous transluminal angioplasty in, 224 
renovascular hypertension in, 216 
Technetium-99m radionuclide tracers, 67—68 
Teratoma, retroperitoneal, 298 
Testicular appendix, 10 
Testis(es) 
abscess of, 448, 449 
anatomy of, 10, 437 
cysts of, 441, 441-442 
descent of, 10 
embryology of, 12 
injury of, 442, 442, 443 
ischemia of, torsional, 443, 443-444 
microlithiasis of, 442, 442 
torsion of, 443, 443-444 
tumors of, 436 
adrenal rest, 441 
association with cryptorchidism, 436 
choriocarcinoma, 439 
embryonal cell carcinoma, 439, 440 
germ cell, 438—440 
incidence of, 436 
leukemic nodules, 441, 441 
Leydig cell, 440 
lymph node involvement in, 438 
lymphoma, 440-441, 441 
metastases of, 437, 438 
metastatic, 440 
nongerm cell, 440—441 
papillary adenocarcinoma, 440 
seminoma, 438, 438-439, 439 
Sertoli cell, 440 
staging of, 438 
symptoms of, 436-437 
teratocarcinoma, 439-440, 440 
teratoma, 439-440 
treatment of, 438 
ultrasonography of, 437, 437 
undescended, 44, 44, 45, 444, 445 
computed tomography of, 444-445, 445 
gonadal venography of, 445 
imaging of, 444 
magnetic resonance imaging of, 445 
malignancy associated with, 444 
seminoma in, 444, 444 
ultrasonography of, 444 
Thick-walled cyst, 105, 105 
TNM staging system, 127, 128t, 398, 399 
Tomography, 51, 57 
Transitional cell carcinoma 
of bladder, 371 
causes of, 371 
cellular grading of, 372 
computed tomography of, 373, 373, 374 
cystography of, 372-373 
excretory urography of, 372 
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Transitional cell carcinoma (cont'd) 
magnetic resonance imaging of, 373-374, 374 
movement of, 371 
sites of, 371 
staging of, 371-372, 372 
symptoms of, 371 
ultrasonography of, 373, 373 
renal 
diagnostic imaging of, 140, 140—141, 14] 
intraluminal filling effect in, 140, 140 
incidence of, 139-140 
intraluminal filling defect vs, 140, 140 
location of, 140 
percutaneous biopsy of, 141 
preoperative staging of, 141 
risk factors of, 140 
signs of, 140 
treatment of, 141 
renal pelvic, 309, 309, 310, 311, 312 
ureteral, 334, 334, 335, 336 
of urethra, in men, 423, 424 
Transplantation, renal, 242 
complication(s) of, 244, 244 
abdominal lymphomas as, 257 
abscesses as, 257 
acute tubular necrosis as, 244, 248 
cortical nephrocalcinosis as, 245, 246 
cyclosporine nephrotoxicity as, 245 
ATN and rejection vs, 246-247, 247 
radionuclide studies of, 248—249, 249 
fluid collection as, 255—257 
graft infection as, 249-250, 250 
hematomas as, 255, 255 
imaging of, 245 
angiographic, 248 
antegrade pyelographic, 254 
computed tomographic, 254, 255 
Doppler flow, 246-247, 247 
excretory urographic, 254, 254 
magnetic resonance, 247-248 
radionuclide, 247, 248, 254, 254, 255 
ultrasonographic, 245—246, 246, 253, 254, 255 
long-term, 257 
lymphoceles as, 256, 256-257 
malignancies as, 257 
rejection as, 245 
accelerated acute, 245, 246 
ATN and cyclosporine toxicity vs., 246-247, 247 
chronic, 245, 248 
hyperacute, 245, 246 
renal arteriovenous fistula as, 251, 251, 252 
renal artery stenosis as, 250, 250-251, 251 
renal parenchymal dysfunction as, 247 
rupture, 250 
thrombosis as, 250 
torsion of transplant as, 253-254 
ureteral necrosis as, 252, 253 
ureteral obstruction as, 252, 253 


ureteral reflux as, 250, 250 
urinary leaks as, 251, 252 
urinoma as, 252, 256, 256 
urologic, 251-254 
imaging of, 254, 254-255, 255 
treatment of, 255 
vascular, 250-251 
donor evaluation in, living, 242, 243 
evaluation in, 69 
percutaneous transluminal angioplasty in, 224 
recipient evaluation in, 242—244 
cystourethrographic, 244, 244 
renovascular hypertension in, 217, 217 
technique of, 244 
Transrectal ultrasonography (TRUS), 397 
in diagnosis of prostate cancer, 401 
of prostatic cancer, 404, 404-405, 405 
of prostatitis, 408-409, 409 
in screening for prostate cancer, 399, 400 
Transurethral resection of prostate (TURP), urethral changes after, 
430, 430-431, 431 
Transverse ureteral folds, 328 
causes of, 328 
in normal excretory urogram, 54-55, 55 
Trigone, 3 
Tuberculosis 
cystitis in, 354, 355 
renal, 169 
calyceal abnormalities in, 170-172, 170-172 
chyluria in, 290-291 
diagnostic imaging of, 170, 170t 
etiology of, 170 
incidence of, 169-170 
organism causing, 169 
papillary abnormalities in, 170 
papillary necrosis in, 300, 304 
parenchymal calcification in, 170 
parenchymal scarring in, 170 
ureteral, 340-341, 341 
urinary tract, 341, 341 
Tuberous sclerosis complex 
cysts associated with, 114, 115 
mesenchymal tumors associated with, 136 
Tubular necrosis, acute, 230 
causes of, 233 
diagnostic imaging of, 234, 234 
kidneys in, 234 
pathogenesis of, 233 
post transplant, 244, 248 
Tubules, renal, 73 
acute necrosis of, 233—234, 234, 244, 248 
backflow and infection of, 318, 319 
benign ectasia of, 302, 303 
renal acidosis and calcification of, 181 
segments of, 73-74, 74 
Tunica albuginea, 8-9 
in descent of testes, 10 


U 
Ultrasonography. See also specific organ, mass or disease 
in bacterial infections, 152 
bladder, 60 
Doppler, 59 
applications of, 59 
color imaging in, 59 
pulsed duplex ultrasound, 59 
types of instruments for, 59 
ureteral jet image with, 59 
gynecologic, 60 
prostate, 60 
renal, 58—59 
scrotal, 60 
transrectal, 397. See also Transrectal ultrasonography 
in utero, 45t 
Uninhibited bladder, 387, 387-389, 388 
Unipapillary kidney, 21 
UP] (ureteropelvic junction) 
injury of, 466, 466-467, 467 
obstruction of, 22, 23, 24, 24 
Urachus 
abnormalities of, 37, 37, 38 
carcinoma of, 375-376, 376 
cysts of, 37, 38 
embryologic formation of, 37 
Urate nephropathy, acute, 237-238, 238 
Ureter, 74, 74, 315 
acute obstruction of, 316 
blood clots in, 322 
calculi in, 321, 32] 
computed tomography of, 318-319 
diminished concentration in, 321—322, 322 
etiology of, 321 
excretory urography of, 317, 317-318, 318, 319 
magnetic resonance imaging of, 321 
retrograde urography of, 318, 319, 320 
ultrasonography of, 320, 320-321 
anatomical course of, 327-329 
anatomy of, 2—3 
anomalies of, 22-25 
anomalous termination of, 31—35, 33, 34 
arterial supply to, 2 
backflow into, types of, 316. See also Vesicoureteral reflux 
calculi in, 190-191, 79/7, 192, 193, 321 
chronic obstruction of, 316-317 
angiography of, 326 
computed tomography of, 323, 323 
etiology of, 316t 
excretory urography of, 322, 322-323, 323 
imaging of, 322 
intraluminal filling defects and diagnosis of, 322 
magnetic resonance imaging of, 325, 325-326 
radionuclide studies of, 323-325, 324 
retrograde pyelography of, 323 
ultrasonography of, 322, 323 
circumcaval, 25, 25, 26, 198, 198-199, 199 
contractions of, 315 
dilation of, 326, 326-327, 327. See also Megaureter 
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causes of, 327 
pregnancy and, 346, 346 
displacement of, 328, 328, 329 
due to bladder diverticulum, 328, 330 
due to lymphadenopathy, 329 
hernial, 328, 330 
medial, 328, 329 
diverticulum of, congenital, 26, 27 
duplication of, 25-31 
ectopic insertion of, 33, 34 
ectopic insertion of upper moiety, 28-30, 29, 30 
ectopic ureterocele of, 30-31, 31 
fistulae of, 347—348, 348 
herniation of, 347 
sacrosciatic, 328, 330 
iatrogenic injury of, 468, 468-469, 469 
idiopathic dilation of, 326, 326-327, 327 
causes of, 327 
inflammatory lesions of, 337-344 
amyloidosis, 341, 341 
endometriosis, 342—343, 343 
eosinophilic ureteritis, 339-340 
inflammatory bowel disease, 343-344, 344 
leukoplakia, 337 
malacoplakia, 337-338, 338 
polyarteritis nodosa, 342 
pseudodiverticulosis, 339, 339 
schistosomiasis, 340, 340 
suburothelial hemorrhage, 342, 342 
tuberculosis, 340-341, 341 
ureteritis cystica, 338, 338-339, 339 
junction with bladder, 2. See also Ureterovesical junction; 
Vesicoureteral reflux 
lateral deviation of, 328 
lower pole, maldevelopment of valve mechanism, 28, 29 
metastases in, 336, 336-337, 337 
obstruction of, 315—326. See also Ureter, acute obstruction; 
Ureter, chronic obstruction 
pelvic inflammatory disease in, 344 
at pelvic junction, 22, 23, 24, 24 
procidentia of uterus and, 346-347, 347 
and ovarian vein syndrome, 345-346 
peristalsis of, 2-3 
physiology of, 315 
pregnancy and dilation of, 346, 346 
pseudoureterocele of, 346, 346 
and retroperitoneal fibrosis, 344-345, 345 
stricture of, 347 
tortuous, 328, 328 
transverse folds in, 328, 328 
traumatic injury of, 467 
contusion and necrosis in, 468 
diagnosis of, 468 
tumors of, 333, 333t 
adenocarcinoma, 335 
benign, 335 
differential diagnosis of, 335 
epithelial, 334, 334-335, 335, 336 
fibroepithelial, 336, 336 
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Ureter (cont'd) 
nonepithelial, 336 
secondary, 336, 336-337, 337 
squamous cell carcinoma, 335 
transitional cell carcinoma, 334, 334, 335, 336 
Ureterai perfusion, 325-326 
Ureteritis, eosinophilic, 339-340 
Ureteritis cystica, 338, 338-339, 339 
Ureterocele, 33, 33 
ectopic, 30-31, 31, 32 
Ureteropelvic junction (UPJ) 
injury of, 466, 466-467, 467 
obstruction of, 22, 23, 24, 24 
Ureterosigmoidostomy, 382-383 
Ureterovesical junction (UVJ), 315, 330, 330 
Urethra, 414, 415, 421-422 
abscess surrounding, 421, 421-422 
adenomata of, 7 
amyloidosis of, 422 
anal atresia and fistulas of posterior, 41 
anatomy of, 5-8, 6 
anomalies of, 38, 39-44 
anterior, 5 
anterior valves of, 42, 43 
blunt injury of, 473 
classification of, 475-476 
clinical features of, 473—474 
conditions associated with treatment of, 479 
mechanism of, 474-475 
radiologic diagnosis of, 474 
straddle injury as, 478 
treatment of, 479-480 
type I, 474, 475, 476 
type II, 475, 475, 476 
type III, 475, 476, 476, 478 
type IV, 475, 477, 478 
type V, 475, 478, 478-479 
urethrogram of, 479, 479-480, 480 
bulbous, 5-6 
calculi in, 428, 428-429, 429 
carcinoma of, 422-426 
condyloma acuminata of, 422, 422 
Cowper’s glands of, 6 
and Cowper’s syringoceles, 423 
diagnostic imaging of, 57-58 
diverticulum of 
anterior, 42, 43 
in women, 426—428. See also Urethral diverticulum, female 
duplication of, 42-43, 43 
epispadias of orifice of, 42 
fibroepithelial polyp of, 41, 42 
hypospadias of meatus of, 41-42 
iatrogenic changes in, 429-431 
injuries of, 473 
bladder injury and, 480-481, 481 
blunt. See Urethra, blunt injury of 
classification of, 473t 
in female, 481 


penetrating, 481 
meatal stenosis of, 41 
membranous, 6, 6, 7, 8 
landmarks of, 414, 415 
musculus compressor nuda of, 6 
periurethral abscess of, 421, 421-422 
periurethral glands of, 7 
periurethral structures of, 9 
posterior, 6-7 
anal atresia and fistulas of, 41 
posterior valves of, 40, 40, 41 
anomalies of, 41-44 
diagnostic imaging of, 41 
symptoms of obstruction of, 41 
postoperative changes in, 429-431 
pressure necrosis within, 8 
prostatic, 6-7 
mucosa of, 7 
sphincter(s) of, 7, 7-8, 386 
active continence and, 8 
external, 8 
innervation of, 8 
internal, 7 
intrinsic, 7-8 
passive continence and, 7, 8 
strictures of 
catheter, 420-421, 421 
gonorrheal, in men, 414-418. See also Gonorrheal strictures 
iatrogenic, 420-421, 421 
instrument, 420, 42/ 
schistosomiasis and, 420 
tuberculous, 418—420, 420 
tumors of 
benign, 422 
malignant, 422—426 
in men, 423-425, 424, 425 
secondary, 423, 425, 425 
in women, 425, 425—426 
post TURP changes in, 430-431 
urethroplastic changes in, 429, 429-430 
valves of. See Urethra, anterior valves of; Urethra, posterior valves 
of 
verumontanum of, 7 
Urethral crest, 7 
Urethral diverticulum, female 
etiology of, 426 
excretory urography of, 426, 427 
ultrasonography of, 426, 428, 428 
Urethral valves. See under Urethra 
Urethrography 
dynamic retrograde, 6 
in females, 58 
retrograde, 57 
voiding, 57-58 
Uric acid stones, 184, 184 
Urinary diversion 
in absence of bladder, 380, 382 
ileal conduit, 380-382, 383 
temporary, 380 
continent, 382 


cutaneous pouches, 384, 384-385, 385 
orthotopic pouches, 383, 385 
postoperative imaging evaluation of, 384-385, 385 
ureterosigmoidosotomy, 382-383 
Urinary tract. See also specific organs 
diagnostic imaging of, 49-70. See also specific methods 
injuries of, 457-481. See also specific organ 
lower. See also Urogenital tract; specific organ 
anomalies of, 36-48. See also specific organ or condition 
embryology of, 11-12 
female organ development in, 12 
male organ development in, 12 
upper. See also specific organ 
anomalies of, 14-35 
embryology of, 10-11 
Urine extravasation, 288, 289 
Urinoma, 288, 289, 318, 319 
post transplant, 252, 256, 256 
Urogenital diaphragm, 8 
Urogenital tract. See also specific disease; specific organ 
anomalies of, 36—48. See also specific organ or condition 
diagnostic imaging of, 49-70. See also Diagnostic imaging 
embryology of, 11-12 
female organ development in, 12 
male organ development in, 12 
in utero sonography of, 45, 45t 
Urography, excretory, 49-55. See also Excretory urography 
Uroselectan (lopax), 76, 77 
Uterus. See also Cervix 
adenomyosis of, 487—488, 488 
arcuate, 47 
Asherman’s syndrome of, 492, 493 
bicornuate, 46, 46—47 
carcinoma of, 489 
incidence of, 489 
prognosis of, 490 
radiology of, 490, 490—491 
staging of, 490t 
symptoms of, 489 
treatment of, 490 
duplication of, 46 
complete, 46, 46 
endometrial disease of, 487-492 
endometrial stripe of, 488, 488 
hyperplasia of, 488-489, 489 
leiomyomas of, 484 
computed tomography of, 486, 486 
histology of, 484 
hysterosalpingography of, 485, 485 
incidence of, 484 
location of, 484 
magnetic resonance imaging of, 486, 486 
radiography of, 484-485, 485 
symptoms of, 484 
treatment of, 484 
ultrasonography of, 485, 485-486, 486 
leiomyosarcoma of, 487 


myometrial disease of, 484-487 
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polyps of, 489, 489, 490 
procidentia, and ureteral obstruction, 346-347, 347 
sarcoma of, 487 
septate, 47, 47 
trophoblastic disease of, gestational, 491-492, 492 
unicornuate, 45—46, 46 

Uterus didelphys, 46, 46 


V 
Vas deferens 
ampulla of, 4-5 
anatomy of, 4-5 
ejaculatory ducts of, 5 
image of, 5 
Vasa recta, 74 
Vascular disease, renal 
aneurysms in, 204-205 
arteriovenous fistulae in, 205-207 
embolism and infarction in, 202-204 
gonadal vein thrombosis in, 209 
intrarenal arterial, 199-202 
lymphangiomatosis in, 209-210 
renal vein thrombosis in, 207—209 
Vascular rejection, acute, 247, 248 
Vasography, 58 
Venography, 66 
Vertical bladder, 368-369, 369 
Verumontanum, 7 
Vesicoprostatic plexus, 9 
Vesicoureteral reflux, 35, 330 
cystourethrography in, 333, 333 
and effect on collecting system, 312, 312, 313 
grade II, 332 
grade III, 332 
grade III-IV, 332 
grade V, 332 
international classification of, 332, 333t 
megauretet-megacystis syndrome in, 331 
primary, 331 
radionuclide cystography in, 333 
screening for, 331, 333, 333 
secondary, 331 
urinary tract infection and, 331 
Vesicovaginal fistula, 366-367, 367 
Vicarious excretion, of contrast media, 83 
Virilizing tumor, 262-263 
Visipaque. See lodixanol 
Voiding bladder, physiology of, 386, 386-387, 387 
Voiding cystourethrography, 56 
von Hansemann’s cells, 166 
von Hippel-Lindau (VHL) disease 
cysts associated with, 114-116, 115 
associated with pheochromocytomas, 266 


Ww 

Wegener’s granulomatosis, 199-200 

Whitaker procedure, in ureteropelvic junction obstruction, 24 
Whittemore-Jewett staging system, 398, 399 
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Wilms’ tumor, 133, 134 
computed tomography of, 134, 134 
magnetic resonance imaging of, 134 
renal hypertension associated with, 212-213 
staging of, 134t 
ultrasonography of, 133, 134 

Wolffian duct, development of, 11, 12 


X 

Xanthine stones, 184 

Xanthogranulomatous pyelonephritis (XGP), 165, 165t 
diagnostic imaging of, 165-166 


diffuse form of, 165 

localized form of, 165, 166 

organisms causing, 165 

Proteus mirabilis infection causing, 167 
signs of, 165 


Y 
Youseff’s syndrome, 367 


Z 
Zuckerkandľ’s layer, 2 


